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PREFACE

This document is intended to provide users of the
SEMREC3A version of the Soviet postattack economic
recovery model with the information required to

design, run and to some extent interpret model

simulations. For further details on applications
of the model and their interpretation, the reader _
is referred to a second SRI International technical

note describing a baseline model simulation 5;
together with two variants. The SMREC3A model,
like its predecessors was developed by SRI
International for the Defense Nuclear Agency under
contract DNAOO1-79-C~0102. Lt. Col. David Thomas

was the technical monitor and provided much

valuable asgistance. This revised user’s guide

supercedes all previous versions.
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I INTRODUCTION

A. Overview of the Model

SEMREC3A is a simulation model designed to provide a total-system

picture of the functioning of a potential Soviet postattack economy. It is
a set of equations which describe relationships, behavioral, technological
or institutional, in nature, among economic variables. In many cases, the
specification of these relationships and the estimation of their parameters

are based on historical data. These relationships were explored in the

development of SOVMOD, the peacetime econometric model of the USSR. In
other cases, peacetime relationships have been replaced by a structure

deemed more appropriate for a recovery environment and which incorporates

the judgement of the analyst on values for key parameters. The

introduction of initial conditions for recovery, i.e., exogenously given

changes in capital stocks and population, is also provided for.

The SEMREC3A model has been coded for use with the TROLL software

system. TROLL (for time-shared reactive on-line laboratory) is a set of
computer programs designed for research in economics and other social
sciences. TROLL has capabilities useful for building and simulating
econometric models. It is maintained by the MIT Information Processing
Service and can be accessed from remote terminals on a time-shared basis.
The entire TROLL software can also be installed on a prospective user’s own

computer system if it has appropriate hardware characteristics.1

1 Information on gaining remote access to the TROLL System on a time-

shared basis can be obtained from User Accounts, MIT I.P.S., Room
39-213, 60 Vassar St., Cambridge, Mass. 02139 (617) 253~4119;
Information on purchasing the TROLL package can be obtained from Prof.
Edwin Kuh, Department of Economics, Massachusetts Institute of
Technology, Cambridge, Mass. 02139
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Files containing the model equations, values for constants in the
equations, and required data have been created and stored on the system.
Using the appropriate commands in the TROLL language, data can be edited
and assembled and key parameters can be set for a TROLL simulation of the
SEMREC3A model. A further command starts the simulation: data are
compiled, the equations are analyzed, and a computer code is generated to
provide a solution to the set of simultaneous equations for each period
specified. A further command causes the solution values for specific

variables to be displayed.

B. Purpose and Organization of the Guide

This users’ guide for SEMREC is intended to supersede the initial
users’ guides produced at the end of the preceding phases of SEMREC
research. The revised and expanded guide is intended not only to provide
the user with information gained from verification and validation of SEMREC
and the new SEMREC3A models, but also is intended to fill a broader purpose
than the original guide. This broader purpose is to provide information on
the modelling project and model application useful to policy-oriented
considerations, and research design efforts which might incorporate model

application.

Once the decision is made to explore the application of the model as
part of the accomplishment of a research group, the users’ guide provides
the additional information required for structuring the model applications,
and finally using the software system to generate model simulations. This
users’ guide has been expanded and revised as model research and
application proceeded in order to accomodate modifications and improvements

in model structure and software.

The remainder of the introductory chapter describes the major factors
in the conversion of the peacetime econometric model (SOVMOD) to an
econometric model appropriate for the analysis of the recovery environment.

This section presents the essential outline of the modelling effort which

has resulted in the current SEMREC model and the choices made in designing
model capabilities.
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The second chapter presents a more complete description of model
capabilities (and limitation), the role of the analyst in structuring model
application, and the technical issues which relate to the interpretation of
model output. This chapter, proceeding from a discussion of the type of
insights to be derived from model application, is designed to guide the
consideration of the appropriateness and utility of SEMREC in the

accomplishment of a research task.

The details of SEMREC and SOVMOD structure are provided in Chapter
III. This information is useful for an understanding of the models’
assumptions about economic processes and interpretation of model
applications, and is critical for the analyst who will structure and
execute simulations. The structure of the model is detailed separately by

model component and levers for analyst intervention are identified and

elaborated.

Chapter 4 represents the terminal users’ guide which is equivalent to
an expanded version of the superseded initial users’ guide. The use of the
software system to structure, execute, and present output of model
simulations is explained in detail. The use of individual operational
commands appropriate to each model application step is presented. The
final section of this chapter deals with common errors encountered in using

the software and suggested corrective measures.

Documentation of the SEMREC3A model is provided in the Appendices.

Each model constitutes a set of symbol declarations, equations, and a
coefficient file.

It is suggested, although the users’ guide is intended to be
comprehensive and self contained, that users obtain TROLL manuals from the
MIT Information Processing Service. These manuals will provide the user

with additional tools for running, editing, and debugging the models.
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It is important to note at the outset that while significant progress
has been made in supplying a useful tool for analysis of potential Soviet
postattack recovery, many opportunities remain for improvement of the
model’s capabilities. Useful insights about the economic dimension of
recovery, which i1s, after all, a political-military and economic
phenomenon, can at this point be derived from analysis via the SEMREC

model.

C. Conversion of SOVMOD to SEMREC

1. General Descriptions

The final version of the Phase III SRI-WEFA Econometric Model was
dubbed SOVMOD3C. It is a large model with about 280 equations. A
subsequent model, SOVMOD3D, added an energy component with detailed
modelling of fuel and energy consumption in the economy. Both of these
models are best suited to short-term forecasting and scenario analysis
without major departures from historical trends. SOVMOD4 adds to this
model (SOVMOD3D) a disequilibrium adjustment mechanism. The result is more
than twice the number of equations in SOVMOD3C and a model better suited to
long~-term forecasting and scenario analysis. The adjustment mechanism
insures that solutions are limited to those feasible given a particular
series of technology matrices, through the balancing of production and uses

of output.

SEMREC1, the result of earlier phases of the research reported on
here, represents a modification and adaption of SOVMOD3C. The important
changes are detailed in this report. Most significantly, the projection of
adjustments around historical trends is replaced, in many cases, by a set
of decision rules appropriate to a recovering Soviet economy. It was
discovered in the earlier phases of SEMREC research, that the mechanism
which would provide improved long-term forecasting and scenario analysis
capabilities for SOVMOD was critical to the SEMREC effort as well, since
significant deviations from historical patterns must be carefully
considered from the point of view of technological feasibility (linkages

between sectoral and branch production) and impact of leadership objectives

8




(linkages between production and final uses of output). Therefore SEMREC3A

incorporates the disequilibrium adjustment mechanism and the energy

component with the basic SEMREC framework.

2, Characteristics of Enhanced Command

In adapting the SOVMOD peacetime model of the Soviet economy to
reflect the relationships to be expected in the postattack enviromment, it
was necessary to replace a number of equations with postulated
relationships characterizing enhanced command--intervention by the center
in allocation decisions. These modifications were primarily made in the
mechanisms for allocation of labor and investment and the determination of
consumption and foreign trade. Detailed discussion of the specifications

of model blocks is presented in Chapter III,

In SOVMOD, allocation of labor among sectors of the economy and
branches of industry is modelled and depends primarily on past patterns of
allocation and on growth rates of investment categories. In SEMREC, labor
is allocated by labor demand functions. These functions calculate the
labor input required to produce the output for a sector or branch
determined by the balancing and adjustment mechanism, given material inputs
and capital stock. These individual labor demands are then scaled by a

factor to insure that total labor allocated equals total labor available.

Investment allocation in SOVMOD is accomplished via several
alternate methods. In the first alternative, investment is allocated among
sectors and branches by exogenously determined shares, while total
nonagricultural investment depends on gross profits, defense expenditures,
and timing within the five-year plan cycle. 1In the other alternative,
investment is determined by gross profits, defense expenditures, lagged
growth rates of investment, and financing of centralized investment in the !

state budget.




For SEMREC, the first alternative for investment allocation was
chosen. That is, investment shares are set exogenously, diverging from
historical patterns to reflect changes in central priorities. Initial
targets for total investment are determined via a set of functions which
appropriately modify peacetime trends guided by analyst levers. These
targets enter into the balancing system and are adjusted to insure balance

between sources and uses of investment goods.

Consumption in SOVMOD also is represented by alternative sets of
equations. In one alternative, total consumption is a residual end-~use
category and shares of each form of consumption (food, non-durables,
durables, and services) are modelled on past patterns, relative prices etc.
In the two other alternatives, consumption functions either determine total
consumption and shares are modelled as above, or they determine each

individual component of consumption directly.

In SEMREC3 consumption targets are set as an analyst determined
fraction of preattack per capita consumption multiplied by the population.
There is provision for targets to grow over time on a per capita basis.
These targets for consumption categories are then adjusted to ensure

balance of inputs and end-uses.

The treatment of foreign trade also differs from SOVMOD to
SEMREC. While it was considered important to treat the impact of possible
external economic flows on the domestic economy in postattack recovery, it
was deemed inappropriate to model foreign trade activity as is done in
SOVMOD. 1In the peacetime model exports are determined separately according
to commodity group and destination (developed West, LDC's, etc.) and depend
on production levels, population growth, hard currency requirements, world
trade activity, etc. Imports are similarly disaggregated and are a
function of exports, lagged exports, consumption, etc. It is not
reasonable to assume that in the postattack period these sorts of
relationships would continue to hold. External economic relations would be
closely managed by the leadership. Therefore, in SEMREC3, initial foreign
trade flows are determined by target functions guided by analyst levers,
which then enter the balancing mechanism (see Chapter III, Section K).

10




3. Features of the Dynamic Adjustment Mechanism

In SOVMOD3D (a recent version of the peacetime model) industrial f
branch outputs are solely determined by a set of production functi.ns
relating output to primary factor inputs. Because production levels grow
at a moderate rate from historically achieved levels (i.e., there is no
major divergence from historical patterns) there is no need for explicit
balancing of outputs and uses of industrial production. In SEMREC3,
however, the initial conditions for a simulation may well result in

production levels (determined by traditional production functions) for
individual sectors inconsistent with a balance of supply and demand for

output of each branch. Therefore a mechanism had to be devised which would
check these balances and ad just output levels and end uses to assure

balance in regard to production, interindustry use and final demand.

Adding the balancing/adjustment mechanisms may affect simulation
values for some branches of industrial production, i.e., adjust output from

the level given by the three-factor (capital, labor, and materials)

production function. It is necessary, as well, to insure that the

ad justment process does not result in unrealistically wide fluctuation
between simulations as a result of small changes in exogenous variables i
. (initial conditions, etc.) and that changes in production levels would ;

follow a pattern consistent with leadership priorities across branches.

Several alternative mechanisms, including a linear programming approach,

were considered for the model. Because of the size and complexity of the

task and the need to consider alternative approaches, the balancing/

adjustment component was deferred to the second and third phases of SEMREC
: research and is currently complete.

; The alternative incorporated into SEMREC is a disequilibrium

. adjustment mechanism. In response to the imposition of consistency

| constraints (supply constraints), variables (outputs and end-uses) are ‘
- adjusted to minimize a quadratic "cost function" which provides for smooth

‘ ad justments and reflects industrial branch priorities. A series of

balances for branches of industry subtracts interindustry uses

11
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(calculated on the basis of input—output coefficients) and final uses from
imports and gross output, as estimated in the production functions.
Disequilibria then result in adjustments to estimated output values and
end-uses to ensure consistency. It may be expected that this imposition of
supply constraints will result in slower rates of recovery than indicated

by simulations of the first-phase model.

4, Levers for Analyst Intervention

The SEMREC model, in describing the postattack economic
environment, is based, in many aspects, on assumptions about leadership
policies. These policy guidelines, for instance, relate to such questions
as the length of the work week, maximum per capita levels of consumption,
final deliveries to defense end-uses, etc. In the peacetime model, these
variables are implicit in the parameters of the equations, are exogenously
set based on policy pronouncements, or involve the use of dummy variables

to reflect changes in policy during specific periods.

In SEMREC, however, assumptions about the postattack economic
environment are incorporated in simulations via specific levers that can be
set by the analyst. Primary among these levers are the priorities assigned
to branches and sectors in the balancing of material inputs. These
priority numbers are assigned on the basis of the importance of the output
of the branch or end-use in achieving the hypothesized sets of leadership
objectives. Thus, if the expansion of the stock of military durables is a
key leadership objective in recovery, the priority numbers assigned to the
machinebuilding and metalworking branch may be twice that assigned to the
construction materials branch (it is the relative size and not the absolute
magnitude of the number that is important in SEMREC). These priorities
minimize adjustments to relatively highly weighted targets for outputs and

end-uses.

12




In the determination of consumption, the analyst sets target per
capita levels of consumption in four categories. If, for example, it was
assumed that the effectiveness of political control in the postattack
period was insufficient to secure necessary labor inputs at low levels of
consumption, the analyst would adjust the minimum and maximum upward to
provide increased labor incentives. The length of the work week (labor
inputs are measured in man-hours) and the participation rate (ratio of
labor force to able-bodied population) can also be adjusted by the analyst

to represent changes in labor discipline.

These and other analyst levers, detailed in the section below on
model structure, were incorporated into SEMREC both to replace peacetime
mechanisms of SOVMOD inappropriate to recovery and to provide the user
with the ability to examine the total system impact of varying assumptions

about the postattack economic environment. In conducting model

experiments, variations in key analyst levers have proved as important as

moderate chagges in initial conditions.

13
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II USES AND LIMITATIONS OF SEMREC

A. Nature of Insights to be Derived from Model Application |

The SEMREC model is designed to provide a total-system picture of
potential Soviet postattack recovery. The recovery paths produced by
simulations will differ widely, depending on assumptions made about the
recovery enviromment. Our knowledge about the actual enviromment that
might pertain to the recovery period is necessarily limited to a
hypothesized range of controlling assumptions derived from peacetime
experience, historical recovery periods (i.e., post World War II), and
expert opinion of economists in regard to potential variation in these
parameters. Beyond these initial guesses, for example, about the maximum
share of investment in industry that might be directed to the
machine-building sector, model simulations, giving total system responses

to changes in these assumptions, provide inputs for setting feasible bounds

on their variation. This same combination of expert opinion and simulation
experiment is required to establish the range of initial conditions which
the model can be expected to handle and still give believable results. The
primary question, then, which SEMREC is designed to answer is, how much
difference in the speed and profile of recovery is made by a change in the

recovery objective, controlling assumptions, or initial conditions.

The detailed nature of the formulation of a simulation are discussed
in the following section. Initial conditions relate to the reduction in
capital stock and labor force resulting from the attack and pertaining at
the start of the recovery phase, following a survival and reconstitution
period (12 to 24 months). Recovery objectives and controlling assumptions
are reflected in the model specification and, in many cases, by explicitly
designated levers for analyst intervention. The specification of
allocation mechanisms reflecting recovery environments to replace peacetime

relationships was one of the major design tasks in creating SEMREC from the
SOVMOD framework.

14
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The output of a model simulation consists of annual values over the
simulation period (now a maximum of ten years) for the endogenous variables
and definitions. These include aggregates, such as GNP, industrial output,
consumption, etc., as well as outputs of economic sectors and industrial
branches (there are six sectors of the economy, one of which is industry,
which is further disaggregated into twelve branches). The TROLL software
package permits results of alternative simulations to be displayed in a
number of formats for comparative purpc<es. Thus the divergence of
variants from a baseline simulation can be readily examined for impact on

total system performance and key subcomponents of interest.

It -seems useful to provide here some 1llustrative questions that might
be asked by the analyst, to be answered via simulations of SEMREC with
alternative sets of assumptions or initial conditions. These are by no

means exhaustive:

o Wha: effect on the rate of recovery of industrial
production would be produced by a significant increase
in the share of investment allocated to industry?

o Assuming identical patterns of damage, but a 15%
increase in the general level of damage to the
industrial capital stock, after five years of recovery
what is the difference in the level of output of the
machinebuilding and metal working sector (critical for
both military and investment goods)?

o Relative to no external economic flows, what would a
level of imports of 75% of pre-war CMEA, 50% LDC, 15%
Developed West mean in terms of output of heavy
industrial sectors? Light industry? Consumption
levels?

o Does a reduction in damage to ferrous metallurgy and a
concomitant increase in damage to petroleum products
retard recovery?

.‘ . .
[ SO

-, ) Does an extension. of the work week matched by an
' increase in target per capita consumption result in a
more rapid recovery?

—— —
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B. Structuring Model Applications

1. Initial Conditions

While the initial conditions for the recovery process really
encompass a broad range of enviromnmental descriptors, precise quantifi-
cation of two sets of initial conditions are required in running a
simulation of the SEMREC model. The first set specifies population losses,
the second represents reduction in the capital stock. Initial conditions
are introduced into the model via the use of archived data, which is
explained in the terminal users’ section of this guide. For guidance in
setting such conditions, see SEMREC3A: Baseline Soviet Recovery Case CEPR
TN-8156-2.

Able-bodied population is used in SEMREC to determine total
available labor force (it is multiplied by an exogenously given
participation rate--the 1975 value has been the usual assumption). The
able-bodied population over the ten-year recovery period is hypothesized by
the analyst and thus the population initial conditions are set. Model
scenarios have been run with population reduction of 16, 24, and 31
percent. These three levels were intended to represent alternate
assumptions about the effectiveness of Soviet civil defense in population
protection, rather than a result of alternative targeting or intensity of
damage to populated areas. The peacetime model uses demographic
projections for the USSR prepared by U.S. experts. In SEMREC, however, the
analyst determines population growth. A baseline assumption has been that
in the first five years of recovery, the birth rate is completely offset by
delayed fatalities and the population does not grow. Population growth is
assumed to be 2% per annum in the next five years. At this stage of
investigation, it would appear that the model can accept levels of
population reduction anywhere in the range of interest indicated in recent
literature. While preattack urban/rural population distribution would
figure in estimating population reduction, SEMREC endogenocusly determines
this distribution postattack, based on agricultural employment.

The specification of initial conditions with respect to damage to
the capital stock requires the provision to the model of values for

percentage reduction in capital stock in the initial year of recovery for
16




each of the sectors of the economy and branches of industry. Simulations
have been performed with levels of damage to the industrial capital stock
ranging from 10 percent of the preattack stock to 50 percent. It will be
further explained, in the section on model limitations below, that 50
percent reduction in industrial capital stock is about the maximum that the
model should be asked to handle, i.e., above this level of damage many of
the relationships specified in the model could be expected to break down;

either the model might not be solvable or simulations with undue levels of
damage might be unrealistic. This figure was obtained by looking at the
structure of branch and sectoral capital stocks and aggregating maximum

damage levels across them.

The reductions are not specified as uniform across branches and
sectors. They have been distributed in a manner deemed concomitant with
vulnerability and targetting priority hypotheses. Maximum levels of damage
were deemed to vary from 20 percent in the cases of processed foods, forest
products, soft goods, and coal products to 80 percent in the case of
ferrous metallurgy. Damage levels for sectors other than industry are
typically assumed to be a maximum of 20 to 30 percent. In addition, the
ability of the software to solve the model in the face of extreme imbalance
{in surviving capital stock may be a limiting factor in specifying initial
conditions. Such an imbalance could either prevent the model from
converging to a solution or provide a solution that gives much lower levels
of output than might be expected given the ability to substitute the
bottleneck material inputs. The model should not be viewed as a black box
by which specified initial conditions are transformed to a unique recovery
path. It is rather a complex tool by which an analyst can observe the
impact of various key parameters, including initial conditions, on

potential recovery paths.

2. Recovery Objectives and Controlling Assumptions

Recovery objectives and controlling assumptions about economic
decisionmaking postattack play a major role in influencing model solutions.

These objectives and assumptions are incorporated in the model simulation

PRSP TR

through the setting of analyst levers. While the initial conditions, in a
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sense, when coupled with the model, sketch out a frontier of production
possibilities, the priorities, shares, etc., guide the model in choosing a
product mix on (or possibly within) that frontier. In addition, through
investment allocation and end-use share determination, the dynamic
evolution of the frontier is determined. While a dynamic adjustment
leadership decision system, which remains to be added to the model, would
furnish an automatic correlation of objectives, performance and allocation
decisions, the existing framework of analyst levers in SEMREC does give the
user the opportunity to vary centralized decisionmaking behavior by setting
targets that would be examined by the leadership.

An initial set of alternative recovery objectives might include:

o Restore the economy along preattack lines wherever
possible--maintain an emphasis on heavy industry.

o Restore all branches of the economy in a balanced
manner with increased priority over preattack for
consumer sectors to generate goods for labor
incentive.

o Restore war-supporting industry, neglecting even
the category of heavy industry not directly
related to defense production.
These alternatives would not only relate to branch and sectoral
priorities and investment shares but to other analyst levels relating to
the economic environment -- labor participation, work week, consumption

targets, etc.

3. Analyst Intervention

The analyst intervenes in the model solution by setting values
exogenously for key parameters or levers, or in some cases by altering the
model specification. The analyst may intervene to create a coherent
picture of a particular enviromment (set of recovery objectives and

controlling assumptions) or to change one particular aspect of the
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environment and determine the impact on model performance. By means of

model applications with alternative environments and exploring a spectrum
of values for individual levers, the reasonable bounds to the variation of
the values of those levers is established. The decision on the
reasonableness of a solution is, of course, a matter of expert judgement on
the part of an economist. The technical note on the analysis of a base
case with SEMREC3A, also a product of this research contract, provides

guidance to the analyst on interpreting model solutions.

Examples of the sorts of analyst intervention are useful. In the
first example, the analyst sets a series of parameters and exogenous
variables in order to create a coherent picture of postattack enviromment--
in this case, one in which the political leadership does not have the
control over the population (or finds it too costly) to enforce the degree
of labor discipline one might expect in an emergency. This is one of the

recovery environments under which model simulations have already been

performed. To supply the features of this environment, the analyst:

o decreases the level of labor force participation
(the workers may not be idle, but working at ]
activities deemed undesirable)

o increases the share of investment in industry
devoted to branches producing consumer goods

o increases the targets for consumption in each of
the four categories

o if foreign trade is conducted, increases targets
for trade flows including imports of consumer
goods.

In initial simulations of the model, the assumption of this
diminished political control variant had a similar impact on output of
heavy industrial branches (relative to the baseline variant) to the impact

of initial conditions with significantly greater damage to the industrial
capital stock.
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For the second example, assume the baseline variant with balanced
priorities and investment shares based on the historical pattern (which
already entails emphasis on heavy industry). The analyst may intervene in
the simulation to introduce a higher share of output of the machinebuilding
branch to be devoted to military durables procurement. Since the balance
for available investment goods includes a direct tradeoff between available
producer durables and military procurement, the model solution will reflect
downward adjustment investment and/or positive adjustment to MBMW output.
This represents the second type of intervention in which the impact of

varying one controlling assumption on economic performance is examined.

c. Interpretation of Results for Strategic Planning

It has been noted above that while SOVMOD was developed as a tool for
forecasting as well as analyzing the performance of the Soviet economy,
SEMREC simulations of potential Soviet postattack recovery would require
careful interpretation, even if the initial conditions in model simulation
corresponded to a real situation in all significant details.l It is

necessary, then to state what the strategic planner can expect to learn
from analysis via the SEMREC model.

The quantitative measures of economic performance in recovery
provided by a simulation of the model, in turn, require interpretation for
the planner if implications are to be drawn for comparative purposes,
whether for comparison of alternative outcomes for the Soviet Union or for

consideration of the outcome relative to the postattack U.S. economy.

It should also be noted that the SEMREC specification does incorporate
much of the peacetime structure of the Soviet economy and many of the
relationships are estimated with peacetime historical data (production
functions, input-output relations, etc.). The appropriateness of these
relationships to a recovery environment need also to be considered by
the model user.
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National power and US~USSR competition in the current environment cannot be
reckoned from economic performance alone, but include military and
political dimensions as well. The essence of an overall assessment by the
political leadership of the state of the national economy, then, must be
the ability of the nation to achieve leadership objectives in the military,
political, and economic spheres. Hypotheses about Soviet leadership
objectives postattack, beyond those incorporated in the model simulation,
must be contingent on assumptions about war outcomes, military, economic,
and political conditions among former and present adversaries and allies,
and domestic political status. The modeling approach in the SEMREC
project, while not ignoring the importance of these broader environmental
considerations, intentionally avoided typing model specifications to a
particular alternative or set of alternatives for the broad context of

postattack objectives and decisionmaking.

The planner—analyst examines a set of assumptions about key parameters
for impact on economic performance and then selects values concomitant with
hypothesized objectives. Or, alternately, when the impact of varying sets
of initial conditions is examined, their impact is assessed across changing
sets of leadership objectives. 1In either process, economic performance, in
terms of macroeconomic aggregates--end-uses of GNP, branch and sectoral
outputs~-must be evaluated from the point of view of national capabilities.
While this interpretation might be aided by increased scope of modelling
(e.g., translation of military capabilities into requirements for
deliveries from the industrial sector and categories of defense
expenditures), such capabilities were beyond the current scope of the

research undertaken.

D. Model Limitations

1. Application Areas

SEMREC, first of all, requires the analyst to make explicit his
assumptions about key parameters of a potential postattack environment.

These assumptions undelie not only model performance but more important,
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they are used by the planner in converting strategic guidance into
operational considerations and eventually critical decisions. The model
serves as a framework to incorporai2 the assumptions about the postattack
economy, in a consistent manner, to determine their implication for
economic performance, and to provide a quantitative dimension to an
analysis of the impact of the strategic planner’s decisions on economic

performance under alternative sets of assumptions.

Design considerations and the results of model experiments
indicate that SEMREC is a useful tool for analysis with initial conditions
in the moderate damage range. This range has been determined to be 0 to 50
percent reduction in industrial capital stock. The latter figure was
calculated by aggregating the maximum damage levels for individual
branches. By considering the capital structure of each branch, the
vulnerability of that capital, and the point at which assumed economic
relationships would break down, these individual figures were determined.
They will be discussed in the initial conditions section of the following
chapter on model structure. Only three variants of the profile of damage
across branches and sectors have been examined, i.e., in most cases, when
the level of damage has been varied, relative shares of reduction by branch
''ave been kept constant. The non-proportional variants have included
greater relative reduction in the capital stock of war-supporting branches
(machinebuilding, chemicals, and metallurgy) and increased damage to

non-industrial sectors.

Limitations on the degree of imbalance in surviving capital stock
among sectors and branches may be imposed by the balancing system, in which
solutions would be implausibly low or the model would not converge to a
solution. The introduction of slack into the material balances or
relaxation of balancing for non-essential inputs to reflect substitut-
ability among material inputs may be required to furnish an acceptable

solution.
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The initial cou.ditions for population have been varied from about
10 to 35% reduction of total population. It would seem that this is an
acceptable range for SEMREC analysis and is concomitant with reduction

levels considered in recent interagency studies.

2. Technical Areas

The first technical area relates to the production functions. In
SEMREC, these are Cobb-Douglas in log form. The choice of an appropriate
form for production functions for Soviet industrial branches is currently a
point of divergence of opinion in the literature. Cobb-Douglas production
functions have performed the most satisfactorily in SOVMOD and thus were
used in SEMREC. This form of production function sets the elasticity of
factor substitution at unity (see appendix to this chapter for the
presentation of this result). In essence, this formulation means that
capital and labor are more readily substitutable than if a lower elasticity
of substitution were specified (e.g., with a constant or variable
elastic{ty of substitution function). Thus, output response to
labor/capital imbalance is more optimistic in terms of output than possibly
is justitiable in the Soviet case, and most probably in Soviet postattack

recovery.

A number of other technical issues relate to the interpretation
of output response to reduction in capital and labor inputs in the model.
Labor inputs are currently undifferentiated by skill levels and
differential productivity fo ' varying labor qualities may prove important,
paiticularly if population reduction is not constant across skill levels
(e.g., only about 20% of rural workers possess urban labor skills).
Similarly the capital stock is undifferentiated. It is likely that

surviving capital may be more concentrated at small-scale facilities

postatttack, and small-scale production technology differs significantly
from large-scale facilities which are also likely the most up-to-date.

Lastly in this category, no provision is made for the evolution of

technology over the recovery period.




The balancing mechanism assumes no substitubility in production
between outputs of different branches of industry. Different outputs of
the same branch are treated as a hemogenous material. Since some
assumptions of this nature must be made (i.e., a level of disaggregation
chosen between one homogenous material input and the full range of
differentiation of inputs to production), i: is hoped that at this level of

disaggregation the effects tends to cancel out.

Two other aspects of the balancing and adjustment mechanism
should be included in this discussion. The final demand relationships,
that is, the relation of levels of individual categories of final demand to
final deliveries of each of the branches and sectors to those end-uses,
must be regarded as first approximations. These relationships are used in
the model to enter final uses of output into the balances based on
endogenously and exogenously determined levels of GNP end-use (consumption,
investment, defense expenditures, etc.). These approximations were made on
the basis of Western reconstructions of Soviet I-0 data for a base year.

To establish dynamic patterns for final demand coefficients would require a
significant research effort although such information would be valuable for
a broad range of analysis. The impact on the functioning of the balancing

system on output levels due to revised estimates of final demand

relationships cannot be foreseen now.

Second, the balancing and ad justment mechanism is not now
integrated with the investment allocation mechanism in the model. In order
to break critical bottlenecks, investment shares must be reset by the
analyst after observing the impact of balancing on outputs. Investment, of
course, cannot break a bottleneck via reallocation of a given level in the
current period, since the capital stock is augmented only in the periods
following the investment, but bottlenecks should be considered in
formulating investment programs. In an elaborated balancing scheme,
investment would be realloacted in light of critical bottlenecks and an
additional feature -- the measurement of the capacity of a sector to absorb
labor should also be added to the model. This latter addition would tend
to make higher output in high priority branches feasible as would analyst

intervention in the allocation mechanism in response to bottlenecks.
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APPENDIX TO CHAPTER 1I

ELASTICITY OF FACTOR SUBSTITUTION WITH A
l COBB-DOUGLAS PRODUCTION FUNCTION

We have the production function:

(1) Y=4aAK®1 1

to remain on the production possibility frontier we know the following must
hold:

(2) Y=L.3 +K., sY
3L 3K

The elasticity of factor substitution is the elasticity of the capital/
labor ratio with respect to the marginal rate of substitution, or:

x (3) &= d (K/L) . L/K
3 d (glg) . dL
a) «

Solving for the capital/labor ratio from (2) we get:

2y /L
(%) k. i = W - &
L —_— —_— —_— i
Y 3K dL T
— !
’ 3K 2

and substituting from (1) we get

a
(5) K = A (K/L) - &

L1 Aak®lpl™ dL

and solving for K/L in terms of dK

dL
(6) X = a dK so that differentiating b
L 1-a dL
(7) a(R/LY = a
d [dK l-a
dL
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and substituting into (3) we find

a
(8) o= T-a ° L/K
SE
dK

since

dL = aY/aL
dK aY/K

from (1) we differentiate and get

L l(cr-l l=a
dL = Aa L - @ L/K

dK A(l-a) K= Le 1-o

and substituting into (8)
a
(8") 6 = 1-a . L/
a . LK

1-o

While the coefficients on K and L are a and 1-a for easy calculation (i.e.,
constant returns to scale are assumed), the result does not depend on that
assumption.
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III THE STRUCTURE OF SOVMOD AND SEMREC

A, Basic Framework

The structures described in this chapter relate to SOVMOD4 and
SEMREC3. The flow charts following indicate the basic structures of SOVMOD
and SEMREC. SOVMOD is basically supply driven. Branch and sectoral
outputs are determined by labor inputs based on exogenous population data,
capital inputs (determined by investment behavior), and agricultural
performance (deviations from "normal" production due to key weather
indicators). Production and past patterns determined wages, prices,
incomes, and, in turn, consumption. Foreign trade serves as a supplier of
inputs to and an outlet for production activity. The state budget, based
on annual published statements, influences the direction of investment.
Production activity determines GNP by sector of origin and consumption; the
budget, investment and net exports determine GNP by end-use. The
ad justment mechanisms relates sources of output (production) to uses
(interindustry use and deliveries to end-use categories) and outputs are

adjusted to insure balance.

SEMREC builds on this framework. The basic driving mechanism is the
same, but allocation of resources among productive sectors and allocation
of output among end-uses allows significant intervention by the center to
replace reliance on past patterns, wages, prices, the state budget and
incomes as allocational determinants. Foreign trade is exogenously set via
target functions rather than modelled along peacetime lines, inappropriate
for the recovery environment. The wage, price, income, budget and hard
currency of SOVMOD are included in SEMREC but in the recovery period can be
ignoredl (see Table III-1 on model blocks following).

If the analyst chooses to set levers, for example, to use SOVMOD trade
equations in SEMREC, these blocks do come into play, but this should be
avoided for most of the recovery period. Wages, prices, incomes and
budgets outlays are calculated according to peacetime relationships, but
have no impact on other blocks in the recovery model.
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4 Table III-1

3

gé MODEL BLOCKS

8

o SOVMOD SEMREC

4 %
» Population and Employment Population and Employment

r; Investment Investment

,j Capital Formation Capital Formation
éi Production Production

;5 Agriculture Agriculture

: ; Wages, Incomes, and Prices Wages, Income and Prices* {
E . Consumption Consumption .

;' Budget Revenues and Outlays Budget Revenuis and Outlays

3 Foreign Trade Foreign Trade

i Hard Currency Hard Currency*

3 Aggregate Identities Aggregate Identities

Energy (SOVMOD4 only) Energy* :
Gross Value of Output-Output*
Index Linking Equations
) Balancing and Adjustment*
.

*
SEMREC3A Only
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The SEMREC flow diagtaml indicates the points in the model
structure at which assumptions about the recovery environment enter the
solution process. These elements are detailed in the following sections on
the model components. A key to model nomenclature precedes the detailed
Ez descriptions of the components (Table III-2). Model structures are fully
! documented in the appendices to the guide.

'

Figure 2
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Table 111-2

NOMENCLATURE OF VARIABLES - INITIAL SYMBOLS

SOVMOD and SEMREC

>o 0o m=E2mw S0 YN G XPOR A Z

lo-]

32

Population and Employment
Investment

Capital Formation
Agriculture

Production

Material Inputs

Wages

Incomes

Prices

Consumption

Budget Revenues

Budget Outlays

Exports

Imports

Hard Currency

Aggregate Identities and Balances
Dummy Variable

Variable for Exogenous Adjustment to
Solution Value

Production or End-Use Target Before
Balancing




Table 1II-2 (cont'd)

NOMENCLATURE OF VARIABLES - EMBEDDED OR TRAILING SYMBOLS

K

VA S A

SOVMOD and SEMREC

:?

‘

I

[; Sectors

=

il IN Industry

2 b

g CN Construction J
. TC Transportation and Communication
g; DT Distribution and Trade

{l sv Government and Services

: A Agriculture

AR s

Branches of Industry

- EP Electric Power
g" cp Coal Products
A PP Petroleum Products
i ) M Ferrous Metals
E . NF Non-Ferrous Metals
; : CH Chemicals and Petrochemicals
E : FP Forest Products
% . PA Paper and Pulp
CcM Construction Materials

B} MB Machine-Building and Metalworking i
E; sC Soft Goods 4
’ PF Processed Foods

&3 NC Not Elsewhere Classified
2
»
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B. Labor Allocation Mechanisms

1. SOVMOD

Population data for the SOVMOD model (and SEMREC) are exogenously
given from expert demographic projections by the U.S. government. The
distribution of population between urban and rural regions is modelled and
depends on the trend toward urbanization, housing construction (lagged),
rural/industrial wage ratios (lagged), and the result of the previous
year’s harvest. The share of urban population which constitutes the urban
labor force is also modelled, and depends on the age composition, real
wage, urban population growth rate and a time trend. The share
distribution of labor among sectors of the economy and among branches of
industry is determined by past labor shares and investment rates. Thus the
allocation follows past patterns unless the pattern is disturbed by changes

in rates of investment in the sectors and branches.

Representative functional forms for labor block equations would

include:
Urban population = fl (investment in housing, industrial/
total population rural wage ratio, state of the

harvest, time)

Construction employment = f2 (industrial/total non-agr. employ-

Total non-agr. employment ment ratio lagged, trade/total
non-agr. emp. ratio lagged,...
growth of non-agr. investment)

Electric power employment = f3 (MBMW/total industry employment
Industrial empl. ratio lagged,..., construction
materials/total industry emp. ratio
lagged, growth of non-agr.,
investment, time)
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2. SEMREC

a. Description

While basic population data in SEMREC come from the SOVMOD
databank, (i.e., are exogenous) there are basic differences in the block.
First, in a SEMREC simulation other that the baseline, population data are
drawn from a data archive which specifies population losses. Secondly, the
labor force is determined simply by a participation rate which can be
changed exogenously. Third, the allocation of labor among sectors and
branches is determined by labor demand equations as a function of outputs
after balancing, material inputs and the sectoral and branch capital
stocks. These are then scaled by the ratio of total labor available to a
weighted sum of labor required for full capacity utilization in each sector

(dubbed necessary labor). Thus,

Total labor force = (Able-bodied Population)x(Participation rate)

Total necessary labor §(Demand for labor)i

Labor for Sectori = f(adjusted, outputi, material inputsi, capital
stocki)

Actual Labor for Sectori (Demand for labor)i x TOTAL LABOR FORCE

TOTAL NECESSARY LABOR

This mechanism replaces the employment relations in SOVMOD
because it is assumed that in the postattack environment central planners
will directly control labor allocation based on the set of national
sectoral and branch priorities and the profile of surviving (reconstructed,

and augmented) capital stocks.
b. Analyst Intervention

Apart from specifying the initial conditions of the scenario in
the input data archive for the simulation (discussed under separate
heading), the analyst can adjust the labor participation rate NPART9. [t
should be noted the 1975 rate that has typically been assumed is already
quite high,
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functions do not appear, labor demand is calculated as the 1975 labor/
capital ratio times the surviving capitol stock.

vi For several sectors of labor allocation for which production
i
S
i




C. Investment and Capital Formation

1. SOVMOD

Capital investment in SOVMOD is represented by two alternative sets of
equations. In the first alternative, investment in the six major economic

sectors is modelled on growth in such variables as gross profits, the

planning cycle (i.e., the year of the five-year plan then operative,
nonpersonnel defense expenditures, total nonagricultural investment, the
financing of centralized investment by the state budget (published along
with annual plan targets) and the state of the harvest. Within industry,
investment in branches is determined by these growth rates, as well as
lagged growth rates for investment in branches of industry. This
alternative is quite specific to the functioning of the peacetime economy
and 1s not utilized in SEMREC simulations,

In the second alternative, total nonagricultural investment is
modelled on the planning cycle, gross profits and defense spending, but the
share of each sector and the share of the branches of industry within the :
industry total are exogenously set (in a baseline case -~ along historical

patterns). Agricultural investment growth depends on defense, harvest

results, and growth in state financing of centralized investment.

Inventory changes, modeled separately for trade, and non-trade
non-agricultural componenets, are a function of past stocks and lagged
production of appropriate sectors, and for the case of trade, on
consumption, the state of the harvest, and defense expenditures as well.

Capital repair is determined by a time trend for its share of total capital
stock.

Capital formation involves the adjustment of the capital stock of the
preceding year by deducting depreciation and adding a weighted sum of
lagged investment in the sector and branches. The capital formation
equations also take into account the phase of the current planning cycle,

since the completion of investment projects is accelerated at the end of
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the cycle and the effect spills over into the beginning of the next.
Imports of capital goods (machinery) are also explicitly accounted for in

the capital formation for the MBMY, chemicals and petroleum branches.

2. SEMREC

a. Description

In SEMREC, the investment allocation system is similar to the
second alternative in SOVMOD described above. All investment shares for
sectors and branches are set exogenously by the analyst. These shares of
total non-agricultural investment for the sectors, for non-agricultural
investment as a share of total, and branches as a share of total investment
in industry would diverge from historical values in accordance with
assumptions about changes in sectoral and branch priorities from those o
the peacetime economy. Inventory change and capital repair are specified

as in SOVMOD.

The above mentioned shares are applied to adjusted values for
investment aggregates non-agricultural investment (INA), machinery
component of agricultural investment (IAM), and construction component of
agricultural investment (IAC) which come out of the balancing adjustment
block (see section below and appendix which relate to that block). We are

concerned here with the determination of the unadjusted or target values

for these aggregates (P.INA, P,IAM, and P.IAC). In each case these targets
are a function of time and a base level for the variable. The default
values for the exogenous variables in the determination were derived from
regression analysis 8o that the equations reproduce historical trends. The

target functions are of the form

+ch°

W

I* = ¢

where I*= target for investment r
t = time

Io= base level
z = growth rate
w = exogenous adjustment
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or for INA:
P.INA = EXP (DELTAINA + ZETAINA*Q130 + LOG (ETAINA))
QI50 = time trend

For the period starting with the year in which capital stock
reductions are introduced, the model automatically reduces the Io by the
same percentage as the machinebuilding sector capital stock. The
historical trend is then resumed but growing from the new lower base over

the recovery period.

In SEMREC3, capital formation equations do not appear explicitly,
but are substituted into the capital stock equations in place of the
capital formation variable. The substituted expression is identical to
that for SOVMOD, except that parameters are introduced to reduce investment
in place at the beginning of the recovery as it enters the capital stock in
succeeding periods (see selection below on initial capital stock

conditions). Capital repair is calculated as in the SOVMOD description
above, but enters the balancing system and is adjusted.

b. Analyst Intervention

As indicated in the preceding section, the major levers for the
analyst in the investment and capital formation blocks are the investment
shares for the sectors of the economy and branches of industry. The
historical shares reflecting peacetime allocation patterns (immediately
pre-war) can be used as a point of departure. It should be noted that
these historical shares already reflect priority for heavy industrial
sectors and particularly machinebuilding and metalworking. Table III-3
identifies the investment shares for sectors and branches. These are
stored in the SEMREC data archive and maintain the 1975 value throughout
the period to 1985 (they are exogenous). These values are easily altered
using data editing techniques described in Chapter IV. It is important to
remember that the shares for all non-agricultural sectors must sum to one,
and the shares for all industrial branches must sum to one since these are
shares of total non-agricultural investment and total investment in

industry, respectively.
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Investment Shares (default values set equal to 1975 levels generated

For example

Table III-3

by SOVMOD)
IRCHY IRINA9
IRCM9 IRISY
IRCPY IRITY
IREPY IRMBY
IRFM9 IRNF9 ;
IRFP9 IRPFY g
IRICY IRPPY i
IRIHY IRSGY
IRII9 }
IICP = (IRCP9)(IIN) , IIN = Investment in industry i
IIN = (IRII9)(INA), INA = Non-agricultural investment '
INA = (IRINA9)(ITOTAL)
|
I
¢
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The modification of the historical trend in the setting of
targets for investment aggregates is also subject to analyst intervention.
The DELTA _ _  variable may be used to alter the target for any one year
without disturbing the trend. The ZETA _ _  variable can be altered to
give more rapid or slower growth from the base-level. Detailed

instructions on altering these variables are given in Chapter IV.
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D. Production

1. Structure
a. SOVMOD Illc

The specifications of production functions for branches of
industry in SOVMOD IIIc were not of the conventional Cobb-Douglas or
constant elasticity of substitution type but rather a rate~of-growth form.
This specified an expansion path equivalent to a Cobb-Douglas concept,

i.e.,
- LU
AXt/Xt C1 + C2 (ANt/Nt) + C3 (AKt/Kt)+

where X = output

N = labor input
K = capital input

These production functions also appear in SEMRECI.

b. SEMREC

Several major changes in the production block from the
earlier SOVMOD specification were undertaken for SEMREC3. Because the I-0
based balancing system works with gross value of output (GVO) of producing
sectors, SEMREC3 production functions predict GVO rather than the CIA-OER
output indexes which feed into the GNP calculations (also based on CIA’s
national account reconstruction for the USSR). The 1970 based output
indices are determined by the adjusted GVOs via linking equations obtained
by regressing the index series against historical GVOs, time, and shift

parameters (dummy variables) to account for changes in price regimes.

Secondly, two-factor production functions have been replaced
by three-factor (capital, labor, and material inputs) production functions
of the Cobb-Douglas form. The factor~shares (actually used as exponents of
supplied factors in this form) were constrained to be those actually
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observed in 1972 in producers’ prices, while a parameter to determine
returns-to-scale in the sector was estimated. The material inputs are
determined by the input-output coefficients of the appropriate column in
the series of balanced I-0O tables in 1970 producers’ prices and the output
of the sector from the balancing/adjustment mechanism. The selection of
the appropriate set of production functions involved the running of
literally hundreds of regressions in order to determine the best
formulation. These functions determine the initial set of outputs which

are in turn adjusted by the balancing system.

A typical production function, for the metallurgy branch, and
material input equation appear below. Each set of two equations for each

producing branch and sector is solved as a simultaneous block by the models

simulation process.

(initial) P.XIOME = EXP(CIME + C3ME * (PGVOME * LOG(MINPUTME) + WGVOME

* LOG(NHRIND * (NMINF + NMIFM) + (1 - PGVOME
EGVOME) * LOG(1.5 * KIFM)))!
(AD101 + A0201 + AO301 + AO401 + A0501 + A0601
+ AO701 + AOBO1 + A0901 + A1001 + A1101 + A1201
+ A1301 + A1401 + A1501 + A1601 + A1701 + A1801)

MINPUTME

* XIOME
where P XIOME = gross value of output of metallurgy (initial)
XIOME = gross value of output of metallurgy (adjusted)
C3ME = estimated returns-to-scale parameter
MINPUTME = material inputs to metallurgy
NHRIND = 4index of length of industrial work week

Note that a capital stock series for non-ferrous metallurgy is not
available in the 1955 prices used by the model. Newly available data in
1973 prices indicate the capital stock of the combined metallurgy sector
has consistently been 1.5 times that of ferrous metals.
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NMINF,
NMIFM = employment in non-ferrous, ferrous metallurgy
KIFM = capital stock, ferrous metallurgy

PGVOME = material input share of GVO, 1972

WGVOME = labor share of GVO, 1972

AO101, etc. = input-output coefficients from metallurgy
column of times series of I/0 tables

CIME = estimated coefficient

The factor-shares are derived from the reconstructed 1972
input-output table. The wage share i1s wages derived by GVO, the materials
share is expenditures on material inputs of the sector divided by the GVO
of the sector, and the capital share is assumed to be 1 minus the sum of
tha other shares. The input—output coefficients, the AIJ, represent the
input of sector I in value terms required to produce one ruble of output of

sector J.

C. Analyst Intervention

Because the production sector is designed to represent
technological relationships, analyst levers in this block are limited. The
NHRIND index represents the length of the work week and thus the combined
expression is a measure of effective labor input rather than just simply
employment. The analyst can adjust this exogenous variable to represent
extending working hours in the emergency period if desired. For example,
the average industrial work week in 1976 was 40.7 hours. The index value
for 1976 can be adjusted accordingly to be used as an assumption for the

recovery period.

The analyst may also choose to alter the input-output
coefficients over time. Currently, historical values for 1972 are kept
constant over the simulation period. The analyst may feel an earlier

year’s technology would be appropriate given the reduction in capital
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stock. It should be noted, however, that the I-0 tables are also used in
the balancing routines and any change would be carried to that block as
well.
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E. Agriculture

1. Structure

The structure of the agricultural component is identical in SOVMOD and
SEMREC (see Figure 3 following and note). Agricultural production is
disaggregated into crops and animal products outputs. A grain component is
separately identified from crop output, and meat production is similarly
identified from animal products.

For total agricultural production, crop output, grain output, animal
products, and meat production, both a normal and actual production equation
appear. Normal production (a linked-second-peak data series) is a function
of land, labor, capital, and materials inputs including feed. The
deviations of actual production from the normal for total agricultural
output, crops, and grain are functions of two weather variables--spring-
summer precipitation and winter temperature. For animal and meat
production the deviation of actual from normal is a function of the ratio

of actual to normal grain and crop production, respectively, lagged one

period.

An example of normal and actual output determination for a category is

presented below to illustrate agricultural production relationships present

in both the peacetime and recovery models:

Normal grain production:

Log (XGRTN-A.XGRTN)~-C666*LOG( (NASK+NASK(~1)~NASK(~2))/3.)-C855*L0G
(AVCP70)=C662+4C663*LOG(ASGRY )+C664*LOG(KAIR)

where XGRTN = normal grain production
NASK = employment in state and collective igriculture
AVCP70 = value of agricultural current purchases
ASGR9 = area sown to grain
KAIR = agricultural capital stock
A XGRTN = exogenous adjustment
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Figure 3
THE AGRICULTURAL SECTOR IN SOVMOD III AND SEMREC

Links are simultaneous unless denoted by the lag operator: L(1,2)

indicates a one and two-year lag. Hexagons indicate exogenous variables.

1.(0,1)
L(0,1) ;
Working
< Capital > /\
Peed Ped Livestock
to Capital
Livestock Herxd M
\_# Anilll Crops
Products
- Output | Out
QF/ 4 put P
N\
Current
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Nev Capital| | Total j\
Agricultural N " i;;%
Investment L. Production |
L(1,2) ) Agricultural Agricultural
’ “ 7T 7] Employment lacom
Rural |
Population v L(2)
T o
17

NOTE: Although the agricultural components of SOVMOD and SEMREC are
identical, the breaks in the arrows indicate links to other components that

are not present in SEMREC because of the modified labor and investment
allocation mechanisms.
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Actual grain production:l

Log (XGRT-A.XGRT)-Log XGRTN = C665+C637 JPSI+C638 JTWI+C639+
Q65+C640 Q75

where

XGRT = actual grain production

JPS9 = gpring~summer precipitation index
JIW9 = winter temperature index

Q65,Q75 = dummy variables

2. Analyst Intervention

The central exogenous variables affecting agricultural production in

SEMREC are the weather indices. Currently three sets of weather conditions

have been defined for scenario purposes (values for indices describing a
five-year weather pattern):

o above-normal conditions pattern of index values encountered in
1966-1970

o below-normal conditions pattern of index values encountered in
1961-1965

o normal conditions sample mean of the variables for
1959-1972

With SEMREC, to date, only normal weather conditions have been used.
In addition to the weather variables, some assumption may be introduced by
the analyst as to reduction in sown acreage (ASGR9) in the recovery period.
These data series are available to the terminal operator. Projected data
for these series were developed for a baseline forecast with SOVMOD III to
1990. Data series for these variables may be obtained by the analyst and
altered via the data manipulation techniques described in Chapter IV.

1 Note however, that a separate GVO production function for agriculture

also appears to provide an initial value for balancing and adjustment.
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F. Consumgtion

1. SOVMOD

In SOVMOD and in SEMREC, consumption is disaggregated into four

subcomponents:

food

non-durables

durables

o © O o

services

There are three alternatives in SOVMOD for determining aggregate consumption

and the four subaggregates. In the first alternative, the share of real
disposable income spent on each of the subcomponents is modeled directly and

the aggregation is then accomplished. These shares depend on disposable
income (or its growth), relative prices, and ratios between output of

appropriate branches (e.g., processed foods, soft goods) and disposable
income. 1In the case of durables consumption, the ratio between defense

expenditures and household income is also included as an independent variable.

In the second alternative total consumption as a share of disposable
income is modeled as above, while the shares of subcomponents of consumption in

total consumption are modeled on lagged shares, relative prices, total

production, farm income and non-personnel defense spending. The third
alternative determines total consumption as a residual end-use of GNP with

subcomponent shares of the total determined as in alternative two.

In SEMREC3, still another alternative is used, one based upon the notion
that the leadership will set targets at the minimum deemed necessary to
maintain labor incentives. The analyst therefore sets the target function for
each category of consumption (food, non-durables, durables, and services) by
selecting a share of pre-attack per-capita consumption in that category to be
maintained. The initial per-capita consumption is allowed to grow over the
recovery period at an analyst-determined rate (the default value is the
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historical trend). The balancing mechanism ensures that adjusted outputs of
consumer goods branches will be concomitant with adjusted levels of

consumption.

A typical consumption:

P.CRD70 = EXP (LOG(NPOP9) + LOG (GAMMAD) + BETAD*QT50 +
LOG (0.011))

where P.CRD70

unad justed durables consumption

NPOP9 = total population

GAMMAD = desired share of 1975 per capita
consumption of durables

QTS50 = time trend

BETAD = growth parameter for consumption of

durables, per-capita

The last term in the equation above contains the figure for per-capita
consumption of durables in 1975 in billions of 1970 rubles per million
population.

2. Analyst Intervention

The primary focus for analyst intervention in the consumption block is
the setting of initial shares to be maintained of 1975 per-capita
consumption in each category. The analyst may also choose to alter the
growth parameter (it can be zero for a number of years if desired). These
levers are exogenous variables and a value must be supplied for each year.
Using the default values (that 1s not superseding the values stored in the
basic data archives supplied with the model) results in an extrapolation of

historical consumption trends.

If the targets for consumption in a given simulation result in a
larger adjustment to outputs of consumer goods branches than the analyst
deems appropriate (a crude rule of thumb is that a consistent 20%

adjustment is too large), the analyst will want to revise targets for the

50




next simulation. Alternatively, labor allocation priorities and investment
shares for consumer goods branches may be altered. Chapter IV provides
detalls on setting parameters in target functions, and altering the latter

analyst levers.

The main feedback on the rest of the model from the consumption block
is through the balancing mechanisms. Final deliveries to consumption
categories are deducted in the balances for output and inputs for the
industrial branches. There is currently no labor supply function
responsive to consumption incentives. These may be provided by the analyst
via adjustment of the exogenous labor participation rate and/or the index
for length of the work week to indicate labor response to increased

incentives.
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G. Energy Component

1. Structure

The energy component1 is identical for SOVMOD and SEMREC. The energy

component consists of three sets of equations:

o energy demand and fuel requirements
o input and output levels for fuel branches
c foreign trade in energy

Forecasts of energy demand are made on production and population
levels from the other blocks of the model. Energy demand is classified
into electric power, thermal energy, and direct motor power. Equipment
technology dictates the type of fuel required and substitutability of fuels
and thus fuel demand is generated from energy requirements. It is assumed
that capital stock already in place will not have an altered mix of fuel
requirements so the average fuel mix coefficients are weighted averages of
the fuel mix required by the vintages of capital still in use. The fuel
mix for new capital investment is exogenously set by means of detailed
expert analysis. The capacity of atomic and hydroelectric power stations
are exog:nously given and thermoelectric power required is a residual. The
production of electric power is equated to the demand. This is justified
because the demand equations incorporate generation capacity constraints.

Some examples of this set of equations are illustrative:

Industry Use of Electricity

UELIN= 1.1090-0.1806*XELP + 0.16726*KITOT
EPRIND KELPC XOIN

1See Figure 5
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where UELIN = uge of electricity by industry

: EPRIND = industry output index in which branch outputs are
2 weighted by electric power requirements

XELP = total production of electric power
KELPC = total electric power generating capacity XELP
represents the generation capacity KELPC
constraint)
KITOT = total industrial capital stock i
[ . XOIN = industrial output KITOT is the capital/output ratio) ;
' XOIN

Total Electric Power Production -

1 XELP = UELIN + UELAG + UELTR + UELHHM + UELCN +
\ UELOSS + EFTEP
where UELAG = use of electricity in agriculture
UELTR = yge of electricity in transport
UELHHM = uge of electricity by urban households and municipal

use

UELCN

use of electricity in construction
UELOSS = transmission loss
EFTEP = export of thermoelectric power

Electric Power Generating Capacity -

KELPC = 13.878~-2.91823*QLT50
KIEP
where KELPC = electric power generating capacity
'? KIEP = capital stock of the electric power branch
_E QLT50 = log time trend
:.! Fuel Use in Thermoelectric Power Plants -

UFXELTP = 0.4568 + 0.15%(UCOXELTP/XELTP)-0.12208*(QLT50-3.2581)
XELTP




where UFXELTP = fuel use in thermo-electric production

1
|
3

UCOXELTP = coal use in thermo-electric production (this term is
merely an adjustment to the data which overvalues
coal in conversion to standard fuel equivalents)

Gas Use in Thermo~electric Plants =~

UGAXELTP CMGAE9 (KELTPC-0.98KELTPC_1)
UFXELTP ( KELTPC )
+(UGAXELTP_1) + 0.98 (KELTPC_l)

(UFXELTP_; ) (KELTPC )

This equation calculates the share of gas use in fuels for
thermo-electric power by weigh<ing the gas use
coefficient for new capital (CMGAEY9) and the lagged
average use coefficient by the new capital and lagged
capital shares of the total production capacity
(KELTPC). A 2% rate of annual depreciation is assumed.

Total Coal Use -

uco = UCOXELTP + UCOBF + UCOMF + UCOKE

where UCONT = uge of coal

UCOXELTP = use of coal in thermo-electric power j
generation (coefficients correct for
conversion from fuel equivalents to natural
uses, losses, and internal uses in this

equation)
UCOBF = use of coal in boilers and furnaces
UCOMF = uge of coal as motor fuel (e.g., in
locomotives
UCOKE = use of coal for coke

Output and factor allocation:

b evamee - = -

New employment and investment equations for petroleum products (gas +
0il) were inserted in the appropriate blocks of SOVMOD and linked to output
determined in the energy component. In SEMREC, the petroleum products
labor and investment allocation are identical to that for other branches of

industry. For coal production in SOVMOD, existing production and factor

_an
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allocation functions were used in value terms and linked to physical output

for the energy component. Some examples

Gas output -

X ' o
RXTGANYXTGAN = 3109.18 - 720.01 + XTGANUE_, ¥
HPTGA P.XTGAN ]
where XTGAN = pgas output in natural units
HPTGA = total length of gas pipeline
XTGANUE = gas production east of the Urals
(P.XTGAN-XTGANEU is a function of a time
trend)
RXTGAN = damage factor for gas production (see

initial conditions)

Petroleum Products Output1 (value terms) -

XOPP = (0.6093 XTOIP + 0.3907 XTGAN )*100

353.039 197945.
where XOPP = potential petroleum products output

XTIOP = total oil production in natural units

The energy component does contain endogenous determination of exports
of energy and fuels. Exports of fuels are separately determined for CMEA
(Eastern Europe) and the Rest of the World. Exports are a function of
economic activity in the importing region, the Soviet hard currengy
position, and prices. Prices for exports to the Rest of the World are
exogenous, and to Eastern Europe are a function of lagged price and Rest of
the World price.

See Figure 6

56




PRSI

Ayt Snunt
NETL AR EY TR

NI ININAOLM]

RSN SENM0UY
(IR TR NI )

1

NOTL000US SVD

_______SINAVIWVA NO

S 2an313

11000044

S12100Yd WN30uL3d ML 40 dTHSNOTLVI3Y

S 40 15V
NdIN0 SVI

—

bey

-

ALIIVUAVD
HOL L0 A in

ALIIVAVD

MV
ELITL

SV 0 ISV
s 110

UL
AUOIVEO MY §

NOLINO0Ud W0

4

Aupsinl
S 1 NMIoYd W30 34
WL IS 1aNl

57




The fuel sector outputs are translated via linking equations to
initial GVOs for use in balancing. The initial GVOs, that is, outputs in
value terms, are adjusted. The initial GVOs are P.XIOOI (oil), P.XIOGA
(gas), P.XIOCP (coal and peat).

2. Analyst Intervention

Policy variables for recovery environments do not play a major
direct role in the energy component, but indirect links via other blocks of

the model (labor allocation, etc.) are maintained.
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H. Balancing and Adjustment Mechanism

1. Structure

The structure of the balancing systems added to the SOVMOD and SEMREC

models are identical. The sets of equations include:

o Final demand definitions which translate
unad justed end-use items calculated in various
model blocks into a consistent set of final
demands based on input-output concepts required
for balancing against gross values of output

o Inventory and "other final demand" equations which
calculate entries for the balances based on
historical relationships between this category and
levels of and changes in gross values of output

‘ (specifications are based on standard inventory

ad justment arguments)

o Balances which require the sources and uses of
5‘ outputs of producing sectors and branches to be
- equalized
o Ad justment equations which derive adjustment to

initial outputs and end-use that will provide
balance as well as minimize the weighted cost of
the adjustments (weighted sum of squared
deviations from initial values)

o Translations which reverse the process of the
final demand definitions and convert adjusted I1-0
based end-use categories back into model
categories reflecting now the impact of balancing
and ad justment.

The balancing system is an algorithm in which the outputs of sectors
and branches as determined by primary factor inputs (i.e., in the
production functions) are adjusted to insure that the uses of production
for final demand and as inputs to the production process are equal to the
output produced for each branch and sector. These adjustments are made in
a particular manner--to minimize a quadratic function of the deviations
between potential and adjusted output, where the deviations are weighted by
leadership priorities. This process is intended to resemble the method of

"material balances" by which Soviet planners insure consistency in plan
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targets. Priorities are considered by the planners when targets are
adjusted to provide balance. A quadratic function is used to make
adjustment more smoothly, so that small changes in variables do not result
in drastically different solutions. Coefficients from Western
reconstructions of Soviet input-output tables are used to calculate
material input requirements for production and with some adjustments, final
delivery shares of branches and sectors in various categories of end-use

(i.e., consumption, investment, military procurement, etc.).

The description of the balancing technique and the formulation of
final demand definitions is very complex and quite technical. The reader
desiring further detail is referred to Appendix I. In this appendix, each

set of equations described briefly above 1s presented.
2. Analyst Intervention

The major analyst input into the balancing routine is the setting of
the priority weights on individual adjustments to initial values for
outpﬁts and end-uses. If the effect of balancing and adjustment produces a
model solution which adjusts away from a target which the analyst prefers
to insist on meeting as closely as possible, he may increase the weight on
that adjustment relative to all other weights. This increases the "cost"
of making an ad justment to that target and a new simulation should provide
a more satisfactory solution. These are the weights A0l through A40 which
are stored as constants. Instructions in detail are provided in Chapter
IV. As mentioned, above, this balancing and adjustment routine
approximates the method of "material balances" used by Soviet planners to

arrive at balanced plans according to given priorities.
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I. Aggregate Identities

1. Structure

! The aggregate identities close the model (both SOVMOD and SEMREC) and

calculate aggregate measures of economic performance useful for the

TN

analyst. These include:

o

o Agricultural GNP--total agricultural production less :
material purchases f

o Non~-agricultural GNP--the sum of outputs of the
nonagricultural sectors

TR Y

o GNP--the sum of the preceding two aggregates

; o Non-agricultural and total GNP per capita

o Net material product (sum of non-service outputs)

= o GNP by end-use (excluding consumption--used to
calculate total consumption as a residual end-use).

S-La e

2. Analyst Interpretation

: In model applications to recovery issues, it has been found that non-
agricultural GNP is perhaps the most appropriate measure of aggregate
performance beyond industrial production. This is true because the large
share of agriculture in Soviet GNP and limited impact of the initial
conditions on agricultural insure that a sixeable portion of gross national

product is unaffected through changing initial conditons.
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J. Other SOVMOD Blocks

1. Blocks Omitted from SEMREC

There are blocks in SOVMOD which model prices, wages, and income and
the State Budget. While these endogenous variables play a role in
peacetime allocation and «consumption, they have been included in the
recovery model, although central intervention replaces their role in
decentralized decisionmaking. In addition, SOVMOD has a block which models
hard currency transactions. These relationships specified and estimated
according to peacetime experience, appear in SEMREC so that when certain
equations, such as for foreign trade, use a peacetime formulation according
to the analysts instructions appropriate endogenous variables required by

the model are calculated. In other cases, they may be ignored.

2, Wage, Price and Income Determination and the State Budget

The key variables in the SOVMOD wage block relate to the industrial
wage, the wage for state farm workers, and the wage for collective farmers.
The variables are the real wage divided by output per worker in each of
three sectors and they are a function of their own lagged value (and for
industry - the state of the harvest). All other wages (industrial branches
and other sectors) are tied to time trends and/or the industrial wage or
theirr own lagged values. Thus, wage patterns tend to be extrapolated into

the future, although tied to the industrial wage.

Consumer and most wholesale prices depend on their own lagged value,
time trend, and the ratio of industry wage to output per worker. Non-food
consumption price also depends on the turnover tax rate. Consumer food
price depends on grain imports and the state of the harvest. Investment
deflators, deperding on a construction activity price deflator and heavy
industry wholesale prices, are calculated for major sectors and the GNP

deflator 18 a function of time and a dummy variable for price reform.
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Most incomes are set equal to average wage multiplied by employment.
Gross profits are important for investment determination and depend on a
time trend and the state of the harvest (there is an alternative
specification depending on GNP and other revenues). Real disposal
household income is calculated and play an important role in SOVMOD

consumption functions.

Budget revenues and expenditures are also modeled in SOVMOD. There
are four components of revenues: state enterprise revenues, turnover
taxes, social sectors revenues, and wage and salary taxes. These revenues
depend on tax rates, dummy variables representing legislated changes, and

in the first two cases, the share of defense in govermment expenditures.

Budget outlay components include financing of the national economy,
social and cultural measures, science, administration, and a residual
category. The growth rates of these components are functions of time
trends and in some cases growth of wages in govermment and services, growth
in other budget outlays, and the state of the harvest. Defense
expenditures are exogenously given. The most recent defense estimates by
Professor Stanley Cohn of the State University of New York at Binghamton

are used in the current version of SOVMOD.

Note: Two categories of budget expenditure and defense procurement
are required in SEMREC3 so that all uses of output are included in the

balancing. Defense procurement is calculated on the basis of historical

relationship between output of machinebuilding and military durables

expenditures. This is described in the appendix on balancing under the

section on "other final demand categories."

S P o

The budget items for "research and development" (BRD) and
"administration and other" {(BAO) are calculated by target functions and are .

then adjusted by the balancing mechanism. The equations are:

P.BRD = EXP (NUBRD + IOTABRD*QT50 + LOG (SIGMABRD))
P.BAO = EXP (NUBAO + IOTABAO*QTS50 + LOG (SIGMABAO))
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initial targets for respective budget outlays

IOTAs growth parameters
SIGMAs = base values
NUS exogenous ad justments (default = 0)

z! where P.BRD, P.BAO
i
?
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K. Foreggp Trade

SOVMOD export, import, and hard currency relations are depicted in
Figure 7.

1. SOVMOD

Exports are determined separately by geographical destination and
several of these geographic subdivisions are further disaggregated by type
of commodity. The geographic subdivisions are: Developed West, CMEA
(Eastern Europe only), Other Socialist Countries (China, Yugoslavia, North
Korea, etc.), and Less Developed Countries. Categories of exports to CMEA
include: raw materials and semi-fabricates, non-grain food and
manufactured consumer items, grain, machinery and equipment, and others.
These exports by category are functions of CMEA grain production and

population, the Soviet harvest, and world and domestic prices.

Categories of exports to the Developed West are machinery, other
manufactures, fuel, food (non-grain), grain, and other. Grain exports

depend on domestic and Western European grain production and Western

European population. Food exports depend on world prices and domestic crop

output. Machinery exports depend on the Soviet hard currency position and
the ratio of CMEA to world prices. The other categories of exports to the
Developed West are functions of relative prices and Western European
economic activity. Other geographic sub-divisions of exports depend on
extrapolating historical patterns with adjustments for the balance of

payments and world trade levels.

Imports have the same geographic breakdown as exports. Imports from
CMEA also have the same commodity categorization (without grain) as do
exports. The imports from CMEA are functions of their own value lagged,
Soviet exports of raw materials and semi-fabricates, Soviet food and soft

goods consumption, and the trade balance.
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Imports from the Developed West are grouped into machinery (a function
of Western prices, hard currency position, and level of Soviet investment),
consumer goods (function of the share of durables in consumption, and the
share of grain in total imports), and grain. Grain imports depend on
domestic grain output, world prices, and a time trend. Four categories of
machinery import from the Developed West (for total industry, for
metalworking, for mining, metallurgy, and petroleum, and for chemical
production) are separately modeled. They depend on investment levels, hard
currency position, prices, and the timing within the five-year plan cycle.
Other geographical imports flows depend, in general, on own lagged values,

the balance of trade, and world trade activity.

The hard currency block calculates balances based on foreign debt,
hard currency trade, gold production and sales, and hard currency reserves.
This block largely consists of identities, with interest payments and
credit repayments modeled on foreign credit drawings.

2. SEMREC

SEMREC provides hybrid foreign trade equations. It should be noted
that in early versions of SEMREC foreign trade was completely exogenous.
In SEMREC3, the same foreign trade structure is provided as in SOVMOD.
Target functions for foreign trade subaggregates which will enter the
balancing system are provided, however. It 1is useful to look at a typical
equation for foreign trade before proceeding with the description, for

instance, for exports of machinery to the Developed West.

EMADW-A.EMADW = MU6%(C1047 + C1048*(FDEBT-FSTK) + C1049%
PM1HUS9/PMIDWP9) + KAPPAG*EXP(PSI6 +

RHO6*QTSO + TAU6)

The section of the equation multiplied by MU6 {s the SOVMOD
formulation based on hard currency variables (FDEBT and FSTK) and relative
prices received for imports. The section multiplied by KAPPA6 is a target
function for exports in this category. In this expression PS16 represents
the natural log of a one-time deviation in exports, RHO6 is a growth
parameter (QT50 is a time trend) and TAU6 is a base level for exports in
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this category. Default values for these variables reproduces historical
trends.

The values predicted by these equations are aggregated by commodity
type to provide initial end-use estimates for foreign trade in the

balancing mechanism. These are then adjusted to ensure balance.

3. Analyst Intervention

By setting the MUs equal to 0, the analyst invokes the target
function. Conversely setting the KAPPAs equal to zero invokes the SOVMOD
formulation. Since the SOVMOD formulation for foreign trade relies heavily
on hard currency conditions and prices, for the emergency period it is

probably not appropriate.

Since the target functions reproduce historical trends if default
values for the PSI, RHO, and TAU variables are used, setting the KAPPA at
some fraction less than one (MUs should be set to zero) sets targets for
foreign trade at a share of the extrapolated peacetime trend. The
fractions can be differentiated by commodity type and trading region. If
desired, the growth parameters (RHOs) and exogenous derivative from trend
(PSIs) can also be manipulated. Chapter IV provides detailed instructions

on altering these parameters, which are stored as exogenous data.
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The following foreign trade flow targets can be adjusted by the analyst:

Reference

Number

WO-NNATNDWN -

Variable

ENFRMCM

EMACM
EGRCM
ECOCM

EFUELDW

EMADW
EOMDW
EODW

EGRDW
EFODW
ETLDC
ETCH

EOSC

ECUBA
MRMCM
MMACM
MFOCM
MCOCM
MMADW
MRMDW
MCODW
MTLDC
MOSC

MTCH

MCUBA

EFUELEE

exports,

exports,
exports,
exports,
exports,
exports,
exports,
exports,
exports,
exports,
exports,
exports,
exports,
exports,
imports,
imports,
imports,
imports,
imports,
imports,
imports,
imports,
imports,
imports,
imports,
exports,

non-fuel raw materials to CMEA
machinery, to CMEA

grain, to CMEA

consumer goods, to DEMA

fuels to Developed West

machinery to Developed West

other materials, to Developed West
other, to Developed West

grain, to Developed West

food, to Developed West

to LDCs

to China

to Other Socialist Countries

to Cuba

raw materials, from CMEA
machinery, from CMEA

food from CMEA

consumer goods, from CMEA
machinery, from Developed West
raw materials, from Developed West
consumer goods, from Developed West
from LDCs

from Other Socialist Countries
from China

from Cuba

fuel to Eastern Europe
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L. Incorporating Initial Conditions

1. Pogulation

This section will describe how initial conditions enter into the model
simulation. Population initial conditions are furnished to the model
simulation through the construction of exogenous data series generated by

the analyst.

It is possible with the TROLL software system to file series in the
data bank in a particular archive. If the proper command is given prior to
a simulation, the computer goes to each archive, in the order specified, to
search for the data needed in the simulation. If a value is found for a
particular variable in one archive, the computer looks no farther for that
piece of data. Thus, by asking the computer to search an archive with a
particular set of initial conditions first, the data is used instead of
values for the same series stored anywhere else in the files. In this
manner initial conditions for a recovery scenario replace exogenous values
used in the baseline (no damage) forecast. This system of archives is
used, as well, to specify initial conditions for capital stock and to
select a foreign trade package. The procedure for building and selecting

archives for model simulations is detailed in the terminal users’ section.

Three sets of population initial conditions archives are already in
existence in the data files provided with the model. They relate to no
civil defense measures taken (about 31% reduction in population), some
civil defense measures effective (about 24% reduction) and effective civil
defense (about 16X reduction). Since these series are for exogenous
variables, values for each year of the stimulation period must be
specified. Therefore assumptions were made about population growth, i.e.,
no growth in the first five years (delayed fatalities equal birth rate) and

2% growth in the second five-year period of recovery.
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The initial conditions archives contain series for two exogenous
population variables--total population (NPOP9) and able-bodied population
(NPOPAB9)--covering the ten-year recovery period. Since in SEMREC as well
as SOVMOD, labor force data relies on exogenous population projections,
population reductions are thus introduced throughout the model.

Alternative sets of initial conditions are readily generated by the analyst
by adjusting population data series stored in the model’s files.

2. Capital Stock

Initial conditions for capital stock are similarly entered into the
simulation process via archived data. Algorithms have been entered into
the model to calculate impacts of percentage reductions in capital stock on
values for simulation. Therefore, the analyst need only enter a value for
the fraction the capital stock is reduced by for appropriate branches or
sectors. It should be noted that in earlier versions of SEMREC it was
necessary for the analyst to calculate initial capital stocks as well as

reductions in investment in place.

The following is a typical capital stock equation, for the chemical

branch:

KICH~A.KICH = (1-DBAR(-1)*DKICH(-1))*(KICH(-1)-C211#KICH(-1)) +
0209*%(QFYP(~1)=-C478) + C210*RKN3ICH* IICH(-3) +
C210*RKN2ICH*IICH(-2)

The first part of the equation takes last years capital stock
(KICH(-1)) and less depreciation (C211*KICH(-1)) and multiplies it by the
capital stock reduction factor, (1-DBAR(-1)*DKICH(-1)) for chemicals.
DKICH(-1) is the fraction of reduction (e.g. by 10%, DKICH=,1) while DBAR
is a means to iucrease (multiply by a constant factor) the level of
reduction for all sectors without changing the sectoral profile of the
reduction (DBAR 1is set to 1 by default). To this expression is added the
expression for capital formation in the branch last year to give initial
past years (the lag structure differs from sector to sector) and the
planning cycle (QFYP). It can be noted that RKN _ variables are
automatically calculated by the model based on the DK__ _values supplied
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by the analyst so that investment in place at the time of the capital stock
reduction is concomitantly reduced, even though the investment does not
augment the capital stock until later years.l The complex set of
definitions for the investment pre-multipliers which appear at the
beginning of the model are required because of the complex and variable lag

structure in capital formation in various sectors.

The only exception to the above introduction of capital stock
reductions applies to production of gas and oil in the energy component.
Thesse production equations in physical terms are not dependent on the value
of capital stock. Therefore separate multipliers are required to simulate
effects of reduced capital stock on these physical outputs. These are
RXTOIP (physical oil output modifier) and RXTGAN (physical gas output
modifier). These should be set to the reciprocal of (1-.5% (desired
reduction in capital stock)). Th: model inverts and multiplies by this
factor in calculating these outputs, and the relationship of reduction in
outpu; for these sectors to reduction in capital stock was found to be
.5:1.

In the earlier version of the User’s Guide, a set of prepared initial
capital stock conditions was presented and provided with the model. Given
the case of generating these conditions in the revised model, this is not
necessary here. Further documentation on what an initial conditions
archive and reasonable variants from it will appear in a separate report on

the SEMREC3 Baseline Case Analysis.

1 DK variables appear in the model for each producing sector and

branch. If no capital stock reduction is desired in a sector, the
analyst merely does not inlude the DK_ _ _in the archive which
supercedes the models basic data archives.

Default value for these multipliers is 1. See Base Case document for
details on structuring exogenous data files for RXTGAN and RXTOIP.
RXTOIP 18 different from one only for one year. RXTGAN should decline
over the period to 1.
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v TERMINAL USERS' GUIDE

A. The TROLL System

The computer software system on which SOVMOD and SEMREC are simulated
is called TROLL (Time-shared Reactive On-Line Laboratory) and is provided
by the Information Processing Service of the Massachusetts Institute of
Technology. TROLL was developed at M.I.T. for the National Bureau of
Economic Research and is a tool specially designed for econometric re-
search, model building, and testing. It has proved particularly cost-
effective for SEMREC work. The software system is interactive, i.e.,
executes a command, then asks for further information from the user or
informs him of errors encountered and possible corrective action to be

taken.

Information is inputted to and outputted from TROLL via a file system.
The following are the types of files used by TROLL:

e Data ~- cross-section or time series, subdivided into users'
files, archives, and individual data names

e Model -- equations and variable declarations (exogenous, en-
dogenous, definition, coefficient, and parameter)

e Coefficient -- values for coefficients, one file associated
with each model name.

Dataset! -- Output Dataset: each file contains the output
(solution values for each variable for the simu-
lation period) of a particular model simulation.

-- Input Dataset: values drawn from the data files
for each exogenous variable (for the whole simu-
lation period) and each endogenous variable (an
initial period value only) required for a
particular model simulation.

! Patasets are usually created by TROLL during the simulation process

rather than being supplied by the user. Datasets can be transformed
into datafiles, and vice versa, with a TROLL command, however.
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TROLL includes, as well, a large number of commands which process the
information provided to the file system by the user. Certain of these,
called high-level commands, may be given at any time during a TROLL
session. Low-level commands represent sub-sets associated with various
high-level commands and can be used only after an appropriate high-level

command is given.

Some of the more important high-level commands in TROLL include:

e SIMULATE — initiates the process of model simulation; further
information will be required from the user

e REG -- initiates regression (or one or a series of
equations)
e CEDIT -- calls an entire coefficient file associated with

one model--low-level commands are then used to
operate on the information stored there

MODEDIT

calls a particular model from the files to be
edited via low-level commands

Commands are given by the user following a prompt by TROLL. It is
appropriate to give a high-level command at any point during a TROLL session.
When TROLL is asking for a high-level command, specifically, the prompt
given is:

TROLL COMMAND.

Low-level commands, however, may be given only after the appropriate

high-level command is given!. The prompt by TROLL for the low-level

command is specific to the sub-set in question. Thus an illustrative

sequence might be: TROLL COMMAND. CEDIT SEMREC:
CEDIT COMMAND. DELETE Cl100;
CEDIT COMMAND. FILE;
TROLL COMMAND, =---

. i oo gl it dih i o i h o B o
ki Lo R AR B R s . Rl
it b B = . L e . .

I S

The exception relates to modedit commands. If during the TROLL session,
the high-level command USEMOD followed by a model name is given, any of
the set of modedit low-level commands can be used and will automatically
refer to that model.
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The above sequence deletes the coefficient Cl100 and its value from the co-
efficient file associated with the model named SEMREC. The FILE command
permanently stores this change, terminates the CEDIT process, and tells

the system to prepare for another high-level command.

The commands of primary interest to the analyst who wishes to run

SEMREC simulations perform the following tasks:

® Select data archives and files to be used by TROLL in
creating the input dataset for a model simulation

® Set analyst levers to represent the assumptions desired
for the particular simulation. This may involve simply
setting exogenous values or may also require altering
the model specifications

® Set bounds for the simulation period and initiate the
simulation

e Display results of the simulation; compare output with that
of previous model runs.
The use of the appropriate commands for these tasks will be detailed in
the sections below. It should be noted that through TROLL'S MACRO
facility it is possible for the user to write canned programs which can
reduce frequently used sets of Troll commands to one macro command. For
"astance, the single command:
&SRCHREC3

calls a macro (a subprogram) which is stored in the user's files which
sets up the appropriate data archives in the proper sequence to simulate
the model without any reduction in capital stock or population. This re-~
places a series of about eight separate commands, which might easily be
entered with errors. The detailed individual commands will be provided
here along with the macro shortcuts where appropriate. The details of
building macro programs are provided in monographs available from MIT
IPS.
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B. Data Management

1. Data Manipulation for SEMREC RUNS

-

Data records for the TROLL user may be grouped into data archives
in the user's files. If no archive name is provided, the data file is
stored in the user's working space. The archive name is specified as a

prefix to the file name, e.g.,

USSR_ KIMB!

In this case, the data file for the variable KIMB (capital stock of the
MBMW branch 1is stored in the archive named USSR. The particular data file
may be stored in more than one archive, and the values given do not have
to agree. This is particularly useful for storing alternative sets of
initial conditions. Thus, capital stock reduction data can be stored

in a series of archives:

MISC _ DKIMB
BASE10 _ DKIMB
BASE25 _ DKIMB

In an individual simulation, TROLL can be directed to look for values

for the variables in particular archives when creating the input dataset

for the simulation. This is done by specifying a search list. Troll looks
at the archives in the order specified in the search list and finding a
data file, looks no further for data for that variable (i.e., in archives
later in the search list.) A search list remains in effect throughout a i
Troll session unless it is altered by the user. The search list is speci-

fied by use of the SEARCH commands which include SEARCH FIRST, SEARCH LAST,

The use of the underscore to link the archive and data names is
specific to the terminal used (TI Silent 700 Series). Others may
substitute another symbol.
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!
"i SEARCH AFTER, and SEARCH BEFORE. Only archive names need to be given to
fi cover all data files in those archives, e.g.,

!

i

TROLL COMMAND., SEARCH FIRST DATA _USSR DATA SEMREC; to check
the search list, give the command:

TROLL COMMAND., LKSEARCH DATA:!

Troll responds with the archives in the order the user has specified:

DATA _ USSR
DATA _ SEMREC
USER (W)

This last entry is the user's working space where all unarchived data is

filed. It is included in the search list automatically as the last entry.

If the command

TROLL COMMAND. SEARCH FIRST DATA _ NCD:
‘ is now given, the LKSEARCH DATA command will elicit:

DATA_NCD
DATA_USSR
DATA_SEMREC
USER (W)

The command DELSEARCH DATA _ USSR deletes the archive USSR from the search
list.

- e

It is useful here to examine a concrete example of the use of the

i This command may be entered by the user at any time during the
' TROLL missien.

77




search list to introduce initial conditions into a simulation, where those

conditions differ from historical data.

Excluding a case which contains no damage to either capital stock or
population, initial conditions must be introduced that encompass values for
reduction of capital stock lagged one period before the recovery is to
begin and population variables (these are exogenous and a value must be
supplied for each year of the simulation. This is accomplished by building
a data archive with these variables and placing it first in the SEARCH
list, superceding default values.

Historical data and exogenous values projected through the simulation

period (forward data) which are shared by the peacetime model and SEMREC
are filed in the archive named USSR. Variables specific to SEMREC are
filed in the archive SEMREC. Reduced forward data for population are
stored in the archives named CD, CD24, and NCD with 16%, 24%, and 31%
reduction in population respectively. Now we wish to build a data file for
DKIMB (percent reduction in capital stock in the MBMW branch) alter the
data file for the 1975 entry (the year preceding the start of recovery) and

file it in an archive representing initial conditions of a pre-determined
reduction in industrial capital stock.
First we call up the default data:
TROLL COMMAND. DEDIT MISC _ DKIMB
We desire a hypothetical figure of 40% reduction.

DEDIT COMMAND. REPLACE 1975 .40

and now place new series (identical but for 1975 entry) in the BASEK

archive:

DEDIT COMMAND. FILE BASEK _ DKIMB

TROLL COMMAND. DEDIT . . .
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3
i1 This procedure is repeated for each of the capital stock, reduction involved
B in introducing the initial conditions into the simulation. The search list
3 is then specified:
5 1
; _ TROLL COMMAND. &SRCHREC3
2 TROLL COMMAND. SEARCH FIRST DATA _ NCD DATA _ BASEK
and checked:
3
1 TROLL COMMAND. LKSEARCH DATA:
-
;i with the response:

DATA _ NCD
DATA _ BASEK
DATA _ and so on determined by &SRCHREC3

When the input dataset is created by the simulate command, TROLL finds the
population variables in NCD (even though a non-reduced series exists in
USSR), most of the capital stock reduction parameters in BASEK and the rest

of the variables have data drawn from MISC and USSR and other basic data

archives searched by executing &SRCHREC3.

In this manner packages of initial conditions can be saved in the
files, easily incorporated and replaced for simulation, and actual historical
values need never be altered and remain for reference purposes and baseline
runs. Through the use of the MACRO facility on TROLL, single commands
can be created to assemble search lists for a series of scenarios incor-
porating combinations of initial conditions. The search list is auto-
matically printed for the user, e.g., &SRCHBASE which is an initial set
of assumptions for a baseline case and has been supplied with SEMREC3.
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Analyst levers stored as exogenous data can be manipulated identically (see
table following). If new data files for a lever do precede the archives in
&SRCHREC3, the default values are used in the simulation. If you are not
certain of where a data file appears, after executing a search list give

the command:

TROLL COMMAND: PRTDATA DKIMB;

and the system responds with each occurrence of this data file in a

archive.




Table IV-1

Analyst Levers Stored as Exogenous Data

For guidance in setting these levers see SEMREC3A: Baseline Soviet Recovery Case,
CEPR-TN~-8156-2.

A, FOREIGN TRADE

1. ANALYST ADJUSTED DATA

MUl through MU25 - lever applied to peace-time portion of
equation

KAPPA] through KAPPA25 - lever applied to recovery portion of
equation

PSI1 through PSI25 - annual wunex»lained increase/decrease to
foreign trade flows

RHO1 through RHO25 - growth rate of trade flows

TAUl through TAU25 - y intercept

2. USE OF VARIABLES:
a. MUl through MU25 and KAPPAl through KAPPA25

In the pre-attack periods all MU variables should
equal 1, and all KAPPA variables should equal 0.
In the recovery period, MUS typically are set to
0, KAPPA <l. (Note all KAPPAS=(0 for trade with
the developed West will cause an error, moreover
not a likely assumption).

b.  PSI1 through PSI2S

All PST values should equal 0 at all times UNLESS
the analyst desires to annually increase or
decrease specific trade flows exogenously. All
PSI variables are time vectors and therefore a
“one-time shot in the arm" increase or decrease is
supplied to the system by changing PSI for one 1
year only from 0 to a new analyst-determined ;
value.

c. RHO1 through RHO2S5

A1l RHO variables were regression generated.
Increasing or decreasing RHO values will increase
or decrease growth of a specific foreign trade
variable away from historical trends.

d. TAUl through TAU25
All TAU variables were regression generated. They

should not be changed by the analyst, as they
represent the y intercept.
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B. CONSUMPTION

1. ANALYST ADJUSTED DATA FILES:

. NPOP9 - total population

GAMMAD - target ratio of post-attack per capita durables
consumption to 1975 level
GAMMAND - target ratio of post-attack per capita non-durables
consumption to 1975 level
F GAMMAS - target ratio of post-attack per capita services
. consumption to 1975 level
GAMMAF - target ratio of post-attack per capita food
consumption to 1975 level

BETAD - historical growth rate of per capita durables

consumption
' BETAND - historical growth rate of per capita non-durables
consumption
BETAS - historical growth rate of per capita services
consunmption

BETAF - historical growth rate of per capita food consumption

2. USE OF VARIABLES:

a. NPOP9

Total population estimates used to represent varying
degrees of civil defense automatically fall into place
in all of the consumption functions.

b. GAMMA
XX

All of the GAMMA variables should be set equal to 1
during the peace-time period. In the recovery period,
all should be set equal to some value less than or
equal to 1 for each year. Typically all may be set

. equal to .8 during the recovery period with the
exception of GAMMAD which is reduced to .1 to reflect a
dramatic decrease in consumer durablés consumption.

C. BETA
XX

All of the BETA variables were regression generated.
Increasing or decreasing any BETA value will increase
or decrease the growth of a specific consumption
variable relative to historical trends. (Note: small
changes cause rather large shifts (i.e., a 10% decrease
- in the size of a Beta will be rather significant).




R

C. INVESTMENT
1. ANALYST ADJUSTED DATA FILES:

DELTAINA - unexplained multiplier (non-ag investment) 1

: DELTAIAM - " (machinery component, ag
' investment)
DELTAIAC - " " (construction component, ag ]
investment)

ZETAINA - average annual growth rate of non-ag investment

ZETAIAM - " " h machinery comp., ag
investment
ZETAIAC - " " " " construction component of

ag. investment

ETAINA - target figure, non-ag investment
ETAIAM - " " machinery component, ag investment
ETAIAC - " " construction component, ag investment ]

2. USE OF VARIABLES:
a. DELTA
XXX

All DELTA variables represent unexplained boosts to

) investment. Because of the form of the equations within

' which they appear, such boosts must be entered IN LOG FORM,
Therefore, if non-ag investment for a given year is to be
doubled, DELTAINA for that particular year must be stored in
an archive as the natural log of 2.

b. ZETA
XXX ]
All ZETA variables were regression generated. Increasing or
decreasing ZETA values will increase or decrease the growth
of a specific investment variable vis-a-vis the historical
) trend.

- Ce ETA
XXX

All ETA variables were regression generated. They represent
the base from which specific investment variables grow. It '
is important that during the recovery period investment v
levels decrease (as do levels of capital stock and capital :
formation), and this is precisely what happens in the
equations which normalize on the ETA variables. It is
assumed that the decrease in investment will equal the

) decrease to machine building capital stock in general,

DKIMB.




Z TROLL Commands for Data Manipulation

DEDIT is TROLL shorthand for '"data edit". Since data are stored
in the user's library and therefore are not specific to any particular
model (unless expressly indicated by the analyst), data may be edited with
or without the use of a USEMOD command. The most commonly used DEDIT

commands are listed below. The analyst should pay close attention to the

FILE command and also to the DEDIT command which must be used before data

can be altered in any fashion.

DEDIT - This command not only prepares the TROLL system
for all of the low-~level DEDIT commands, it also
is used to specify the particular data file to be
edited whether it is an existing data file or not.
For example, the following is correct:

DEDIT MIECH:

Where MIECH is the name of a data file.

Only one variable name may follow DEDIT since the
analyst is allowed to manipulate only one data file
at a time., The DEDIT command listed above auto-
matically elicits the following--if a file named
MIECH already exists:

DEDIT COMMAND: %

If a data file named MIECH does not already exist,
the TROLL system responds with:

NEW SERIES, MIECH:

and asks for needed information including periodicity
and a start date. If the analyst desires to add data
into this new data file he must then proceed to an
ADD command.

If a variable appears in more than one archive, the
archive named must be included in the DEDIT command:

DEDIT SEMREC MIECH:
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ADD -

COMMENT -

DELETE -

used to enter data into data files. The following
are all proper forms of the ADD command:

ADD 1950, 1.234;
ADD TOP, 1.234 5.678;

where 1950 and TOP indicate the desired location of
the new data. All data in data files is associated
with individual years. TROLL does not require the
analyst to input each year one at a time because it
assumes data will be entered in chronological order
with a known start date as determined in the DEDIT
command. Assuming annual data is being used as is
the case with all data associated with SEMREC1l, the
first ADD command listed above will insert the value
1.234 after the value that appears for 1950. 1In
other words:

1951 = 1.234

Furthermore, all values already in the data file
after 1950 will be adjusted forward by one year.
The second ADD command adds two values beginning
with the first year listed in the data file and
will adjust forward all values in the file by

two years. If the analyst needs to change a value
(or several values) within a data file and not
adjust any other values, the REPLACE command
should be used.

used to write comments associated with individual
data files. Semi-colons may not be used at any time
within the comment, but all comments are concluded
with one. For example, the following is correct:

COMMENT GROSS NATIONAL PRODUCT, EXPENDITURES SIDE,
CURRENT DOLLARS:

this command is used to delete values specified within
a data file. It does not remove the year or years
associated with those values and therefore all values
that followed the deleted values are moved 'backwards
in time" so that no gaps exist. The following are
correct:

DELETE 1958;
DELETE 1964 to 1970;
DELETE TOP to 1975;
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FILE -

PRINT -

REPLACE -

used to permanently store all data changes made by
the analyst. Data should be filed using both the
archive name and the variable name as shown in the
following examples:

FILE BASE40 KISG:
FILE SECREC_MTM1209;

If no archive name is given, the data is
automatically stored in the current (working) file.

used to examine data files or any portion of a data
file. The following PRINT commands are correct, when
in DEDIT mode:

PRINT DATA:--prints all data within the data file.
PRINT ALL:--prints the entire data file, data and
comments.,

PRINT 1956;--prints the value corresponding to 1956.
PRINT 1965 to 1971--prints values from 1965 to 1971,

as noted earlier, this command is used to change a
value associated with a given year while not
affecting any other data in the data file. For
example:

REPLACE 1963 15.1;

REPLACE 1970 11.17 12.80 15.77;--this command
replaces old values for 1970, 1971, and 1972 with
values specified in the command.
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C. Altering Key Parameters and Equations

1. Techniques for Model Modification

Aside from the data question, the other major aspects of the
model simulation are the coefficients (parameters), the symbol declarations
and the model equations. For most simulations these components will be
unchanged from the basic formulation provided to the user. There are,

however, important variations.

In most SEMREC equations the coefficients on variables are
entered with a symbol rather than a numerical value. The numerical values
are stored in the coefficient file associated with the SEMREC model. This
is a useful approach because many of the coefficients are shared by SEMREC
and SOVMOD. The SEMREC coefficient file, however, contains some important
additions--for example, the labor force participation rate (NPART9Y).

These are key analyst levers and the user may wish to change them
from their basic values either to one new value for the simulation period
or varying them during the period. In the first case, only editing of the
coefficient file is required. The user should remember that when the
simulation is completed the basic values should be restored. Any editing
which is done on the coefficient would carry over to the next session. An
example is given here of editing the coefficient file to increase the
balancing priority of the MBMW sector, throughout the simulation period,
from a value of 1 to 2. The following is a sequence of commands and

TROLL’s responses.

1 Also the share of collective form (SKOL9) and state form (SSOV9)

employment in total agricultural/employment-set to 1975 actual values.
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TROLL COMMAND. CEDIT SEMREC3A;
CEDIT COMMAND, PRINT A06;

A06 1.
CEDIT COMMAND. REPLACE A06 2.
CEDIT COMMAND, PRINT A06;

ADb6 2.

CEDIT COMMAND, FILE;

On the other hand, the user may wish to increase the value of PLMBY9 to

2 only for the first five years of the simulation period. It is then

necessary to change the declaration of the symbol from COEFFICIENT to
EXOGENQUS. This requires a series of MODEDIT commands. The PLMBY entry

may remain in the coefficient file without effect. When editing the model,

the editing is not saved from session to session unless the command FILEMOD

is given. 1If the user does not wish to save the editing, giving the

command
TROLL COMMAND. USEMOD SEMREC3A;

restores the model to the form it had at the time the last FILEMOD command

was given. This will also occur if the current TROLL session is terminated

without filing the model. The following is the sequence of TROLL commands

and responses which convert NPARTY from a coefficient to an exogenous

variable and create a data file. WNote that every . is a prompt for

information from the user.
TROLL COMMAND, USEMOD SEMREC3A;

TROLL COMMAND, CHANGESYM EXOGENOUS NPARTY;
MODEDIT COMMAND. FILEMOD;

TROLL COMMAND. DEDIT NPARTY;
88
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NEW SERIES NPARTY
ENTER PERIODICITY. i (i.e., annual data)

ENTER STARTDATE. 1973 (i.e., first year of simulation)

DEDIT COMMAND. ADD TOP .92.92,92.92,92.92.92.92.92.92.92,.92.92;

DEDIT COMMAND. PRINT DATA,

NPARTY
DATA
1973 .92 .92 .92 .92
1977 .92 .92 .92 .92
1981 «92 .92 .92 ,92

DEDIT COMMAND. FILE;

This set of commands has created a data file for the variable PLMB9 and
filed it in the user’s working space (no archive was specified with the
last FILE command). Because PLMBY is to be an exogenous variable, a value

is required for every year of the simulation' period.

The symbol NPART9 already occurred in the basic model, but was
declared to be a coefficient (i.e., has the same value in any period). The
model had to be edited to change the declaration. To return the model to

its previous specification, the anlayst must enter:

TROLL COMMAND. CHANGESYM COEFFICIENT NPARTY;

MODEDIT COMMAND, FILEMOD;

Note that the first change was permanently filed and can only be reversed

by new model editing given above. The value for the coefficient NPART9 had
remained in the SEMREC3A coefficient file.

To change priority weights for balancing, CEDIT is used, as in the
example. The adjustment weights are coefficients A0l through A40, See

Appendix I for correspondence of numbered A weight and adjustment variable.
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Analyst Levers Stored as Coefficients

A.

LABOR ALLOCATION

1.

SELECTED ANALYST ADJUSTED DATA COEFFIEICNTS:

RNKS9 -
RNKGY -~
RNKEP9 -
RNKPP9 -
RNKSG9 -
RNKF9 -
RNKO9 -
RNKNC9 -

USE

A

1

"
"
"
"
"
"

abor/capital ratio for 1975 (represents level of technology

OF VARIABLES

RNK__9
XX

Labor/capital ratios used in the model are representative of
those for 1975. They illustrate a level of technology
specific to that year. If the analyst desires to alter the
ratio, he must first determine the level of technology
planned to exist in the post-attack period, and substitute

appropriate values for the labor/capital variables.
NTNEC

Do not adjust this variable, it is endogenous.

NTOTAL

This variable is automatically adjusted when initial levels
of population and therefore able-bodied population are
introduced into the system. NPARTY9, the ecogenously
supplied participation rate may be adjusted by the analyst,
but it should be noted that it is already quite high.
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2 Editing Equations, Altering Coefficients and Changing
Symtol Declarations

Following are detailed descriptions of TROLL commands frequently

used in altering key parameters and model specifications before simulation.

Before using any MODEDIT command, a USEMOD command, identifying
the model to be used, must be enteredl, after which any of the following

MODEDIT commands are acceptable:

ADDEQ - used to add equations to the model called for in
the USEMOD command. When properly used, it is
written:

ADDEQ 10,

where 10 refers to the number of the equation after
which you want to add a new equation. Therefore,
ADDEQ 10 will insert a new equation into position
number 11 and will push all equations that used to
follow equation number 10 so that they now follow the
newly added equation, equation nurher 11. Note that
this command is followed by a comma, not a semi-
colon. The system automatically responds with:

- EQUATION:

at which point the user enters the equation without
any blank spaces--push it all together. When the
equation has been entered, enter a semi-colon.

ADDSYM - used to add new variable names into the model. All
variables must be entered as one of the following
variable types:

coefficient; !

definition; | 3
1 endogenous;

" exogenous; or
;i parameter.
4

- ! The USEMOD command need be entered only once, and will hold throughout
the TROLL session unless another USEMOD command with another model

name is entered.




CHANGEQ

CHANGESYM -

g —— — s ‘1

If the analyst enters an equation and does not declare
the variables within that equation to be one of the
five variable types listed above, the TROLL system
automatically assumes all of them to be exogenous.

If this happens, the CHANGESYM command must be used

to change the variable type. When properly used,

the ADDSYM command appears as follows:

ADDSYM COEFFICIENT C123;

The command written immediately above enters the
variable, C123 into the model, as a coefficient. If
C123 had already been used in the model, the system
would automatically generate an error message in-
dicating such, and the analyst must either rename
the variable or use the CHANGESYM command.

used to alter equations already in the model. When
properly used, the CHANGEQ command appears as follows:

CHANGEQ OFFN ONF $error$alteration$ G ALL;

Where OFFN suppresses the automatic system response of
telling the analyst which equations were not altered

as a result of this command. ONF activates the sys-
tem to notify the analyst of all equations where changes
were made., Surrounded by dollar signs number 1 and

2 above is a portion of an equation that is to be
changed. The system will scan all equations looking
for that string. It will replace everything within
those dollar signs with what ever lies between dollar
signs number 2 and 3. The letter G (for general) tells
the system to make such changes everytime it finds the
error within each equation. Without this letter G, a
change will be made only the first time it is dis-
covered within each equation. ALL tells the system

to lonk for the error in every equation. In place

of ALL, the analyst may substitute an equation

number or several equation numbers--each separated

by a blank space.

used to change the variable declaration type of vari-
ables already entered and declared in the model. When
properly used, it appears as follows:

CHANGESYM DEFINITION XOIN;

Where DEFINITION is the new variable type desired and
XOIN is the variable in question. More than one
variable may be listed, provided that they are separated
by spaces.
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DELEQ ~ used to delete equations already in the model. This
command erases the equation in question and auto-
matically renumbers all equations that follow it in
the model. It does not remove the variable names used
by the equation from the lists of variable types. This
must be done separately by the analyst using the
DELSYM command. When properly used, the DELEQ command
appears as follows:

DELEQ 16;

Where 16 refers to the number of the equation to be
deleted. More than one equation number may be listed,
provided that all numbers are separated by spaces.

DELSYM - used to remove variable names, :r.«gardless of variable
type from the lists of variable names. Only variables
that do not appear within the body of the model may
be removed. Therefore, an analyst may need to use
DELEQ first.

The proper forms of this command are,
DELSYM KIMB;
DELSYM KIMB KIEP A.KITOT;

FILEMOD - used to permanently store a revised model. If the
command is entered:

FILEMOD;

the model will be filed under the name given in the
USEMOD command ats noted earlier. If the analyst de-
sires this revised model to be stored under a new
name (SEMREC2, for example), the command should be,

FILEMOD SEMRECZ2;

PRINT or PRTMOD - wused to print, on a terminal, any portion of a model,.
PRINT is only used when the system is asking for a
MODEDIT COMMAND. All of the following are proper
commands:

PRIMOD EQ 20; also PRINT

PRTMOD EQ TOP TO BOTTOM; also PRINT

PRTMOD SYM ALL; also PRINT

PRTMOD SYM ENDOGENOUS PAXAMETER;
also PRINT
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CEDIT commands are used to alter and examine the coefficient
file! that contains names and values for all constants and parameters used
by the model. The toefficient file is named after the model and no USEMOD
command needs to be entered before using the CEDIT commands. However, the

following command must precede any of the low-level CEDIT commands:
CEDIT SEMREC3;
after which the TROLL system will respond with:
CEDIT COMMAND:.
The following are the most commonly used CEDIT commands:

ADD - inserts new constants and/or parameters into the
coefficient file. The following is proper:

ADD C1202 14.178;

The above command enters a constant or parameter
named C1202 into the constant file whose value is
14.178.

DELETE ~ removes both a constant or parameter already named
within the coefficient file and the value associated
with it. The value of the constant or parameter
need not be stated in the DELETE command--it is
automatically deleted. The following are correct:

DELETE C118;
DELETE C257 ALT1;

PRINT - used to examine constants or parameters located in
the coefficient file. The following are correct:

PRINT ALTS;
PRINT C1107 C€1201 ALT10;

REPLACE - used to replace a value associated with a constant
or parameter already located within the coefficient
file., The following are correct:

REPLACE C854 16.2;
REPLACE C201 6;

} also known as the constant file
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D. Running A Mcdel Simulation

1. Initiating and Executing a Simulation

If the model specifications and symbol declarations are set
properly for the desired simulation and a search list is specified to in-
troduce the initial conditions, the user is ready to simulate.. Two steps
should be taken, however, to insure the appropriate input dataset will

. be created for the simulation. The command should be given:
TROLL COMMAND. DELETE DSET SEMREC3;

The input DSET is always given the name of the model by TROLL. If such a
DSET is already stored in the files, it will be used by TROLL in simu-
lation, even if it has been created using a different search list. If it
is not deleted and the model has been edited, the simulation command will
produce the error message that the DSET does not correspond to the model.
If there has been no editing, the model may simulate using the wrong data.
If the DSET had already been deleted by troll, the delete command above : ?
will elicit the warning:

FILE(S) NOT FOUND-

DSET SEMREC3

The warning can be ignored (it is not an error) and the user can proceed.
If the DSET was found and deleted, the terminal will merely prompt for
another TROLL COMMAND. The user should also check the search list before

simulating to be certain it is correct. This is done by giving the command:

TROLL COMMAND, LKSEARCH DATA:

TROLL responds with the search list in effect.
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To initiate the simulation of the model (specified in a USEMOD

SEMREC2 command previously given, the user enters the command:
TROLL COMMAND. SIMULATE;

The troll system incorporates a number of options associated with the
simulate command, but these are primarily useful in testing a new model
and will not be covered here. The command simulate triggers a series of
actions by TROLL that prepares for, but does not start the simulation
process. Troll creates the input dataset, analyzes the model to normalize
each equation on an endogenous variable or definition and forms a block
structurel, and creates the code by which the model is simulated. This
is a time-consuming process and the system may print blips (usually a '%Z')
to indicate that it is still working though no prompts have been printed.

If the model has not been edited since the last simulation and the code was

saved via a FILEMOD command, the same normalization, block structure, and
code are used, so that only the DSET is created. The following is a typical

sequence of commands and responses:

TROLL COMMAND. SIMULATE;

CREATING DSET SEMREC3A
%%% ANALYZING MODEL
%%%% GENERATING CODE TO SAVE CODE TYPE FILEMOD;

% SIMULATIONS CAN BEGIN FROM 1973 TO 1976 AND MUST
END BY 1985 i

SIMULATE COMMAND. FILEMOD;

g
Li

! This block structure is not the same as the conceptual breakdown

into investment block, production, etc., but rather is used by TROLL
for the simulation process and groups equations into sets of simultaneous
equation blocks in the order they are solved.

ARSI S,
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The instructions from TROLL on the bounds of the simulat? n period are

based on the data supplied. Exogenous values are required for every year

of the simulation and a starting value is required for each endogenous

variable. Thus, if endogenous variable data files were all extended

beyond 1976, simulations could begin later. If exogenous variables were
supplied prior to 1975 and beyond 1985, the permissible simulation bounds

would be expanded.

At this point, the simulation can be executed. Three commands
are required--to give a start date; to give an end date, and to file and
name the output dataset. If no name is given to the output dataset it is
called OUTPUT by TROLL and the next simulation will delete it and replace
it with a new output DSET called OUTPUT. These commands are given as follows:

SIMULATE COMMAND. SIMSTART 1976;
SIMULATE COMMAND. DOTIL 1985; FILESIM SEMSIM;

TROLL COMMAND.

When the prompt TROLL COMMAND, is printed, the user knows the simulation has

been successfully run.

2. Obtaining Simulation Output

The output of a simulation is not printed until the user asks for
it and specifies the format. The output of a single simulation may be dis-
played, or a number of output datasets displayed together for purposes of
comparison. The command which displays the output is the PRTDSET command.
The variables, range of periods, and output DSETS used must be specified
with this command. The following command initiates the printing of all
endogenous variables in the output dataset SEMSIM and SEMBASE for the period 1976 to
1985:

TROLL COMMAND. PRTDSET, VARIABLES ENDOGENOUS,

RANGE 1976 TO 1985, DSETS SEMSIM SEMBASE;
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TROLL responds:

SIMULATION OUTPUT BY VARIABLE

ADLVR - SEMSIM SEM BASE
1976 — —
1977 _—— -—

and so on. If the range is specified in the command first, TROLL responds:

SIMULATION OUTPUT BY YEAR

1976 -  SEMSIM SEMBASE
ADLVR  ———- — 1
AVCP70 -——- _—

If the DSETS are specified first, they are printed separately, the structure

of the output depending on the order of the range and variables lists

specifications. TROLL also permits the user to obtain graphic displays of
simulation output with the PLTDSET command. Datasets that have been filed
are saved from session to session. Output datasets should be given names
descriptive of the particular simulation (e.g., SEMBASE) and periodically

deleted when no longer needed to keep disk records available. The command is:

TROLL COMMAND. DELETE DSET SEMSIM;

Datasets can also be converted to datafiles. This would be

useful, for instance, if the user needed data for a variable that is endo-

genous in SOVMOD and exogenous in SEMREC. The exogenous data for the

SEMREC variable for 1976 .to 1985 can be drawn from an output DSET of a
SOVMOD simulation of that period. If the variable is BAO, the SOVMOD

gimulation in SOVI, then the command is:

TROLL COMMAND. CRDATA DSETS SOVI, RANGE 1976 TO 1985, VARIABLES BAO;
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The CRDATA command creates the data file and stores it in an archive with
the name of the dataset it comes from, e.g., SOVI_ BAO.

3. Commands Associated with Model Simulation

Simulations are initiated with the following high-level command:
SIMULATE;

at which time the system informs the user of progress it is making through

the various stages of simulation. Eventually the system will respond with:

GENERATING DSET SEMREC3 - if the DSET SEMREC3 was

deleted, as noted earlier

ANALYSING MODEL - if the model has been edited

GENERATING CODE - if the model has been edited

SIMULATIONS CAN BEGIN FROM 1973 TO 1976 AND MUST END BY 1985
SIMULATE COMMAND: .

At this point TROLL wants to know three things:

the year simulation is to begin;

the year simulation is to end; and

the desired name of the data set under which the
simulation results are to be filed.

w N
« e

.

All of this is accomplished by entering the following on one line:

SIMSTART 1973; DOTIL 1985; FILESIM RELCONTR:

Where RELCONTR is the analyst desired name of the new DSET

after which the system will respond:

TROLL COMMAND: .
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The results of a simulation are stored in a dataset named in

the SIMULATE command listed above. To view this dataset or several

data sets, enter the following:

PRTDSET, (This initiates the printing of data set(s)
procedure.)

After the system responds, enter:

VARIABLES (Thereby telling the system you are about
to enter the names of the variables you
want to see. Note there is no comma.)

After the system responds, enter:

GNP GNPNA XOIN XOMB KITOT, (Or whatever variables the analyst

desires. Note that a comma
ends the list.)

Then enter:

RANGE 1976 TO 1985, (Or whatever the analyst wants to see)
This is followed by:
DSETS (Again, no comma)

Finally enter:

RELCONTR SEMBASE B1ONCD; (Or whatever data sets the

analyst desires. Note the
semi-colon.)

The system will respond by printing back the desired results.
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E. Common Errors

In this section some errors most commonly encountered in using
SEMREC/SOVMOD on troll will be discussed. Along with the error message
an attempt will be made to indicate the cause and corrective action
indicated.

1. Frequent Errors Throughout A Session

ERROR MESSAGE

NOT A COMMAND This message indicates that a command was
misspelled or that a low-level command was
given when a high-level command was required.
Retype the command and give the proper high-
level command first if appropriate.

FILE(S) NOT FOUND A filename was misspelled, an archive name
was wrong or missing, or the search list is
misspecified. Retype the command and ex~
amine and correct the search list if necessary.

MODEL NOT FOUND The USEMOD command was not given, or a
model name was not specified in a MODEDIT command.
Give a USEMOD command before retyping your
last command.

2. Frequent Errors in FEditing Data, Coefficients or the Model ;
Error Message |

NEW SERIES This is a warning from troll, not necessarily
an error. If the user intended to edit an
existing series, then he has misspelled the
name or failed to give the proper archive
name. Retype. L

NEW MODEL This is a warning from troll, not necessarily
an error. If the user intended to edit an
existing model, he has misspelled the name
of the model or has stored the model in the
working space of another user. If the model
is stored elsewhere, enter the appropriate
ACCESS and SEARCH commands.
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DATA GIVEN DOES NOT
FALL WITHIN CURRENT
BOUNDS FOR THE
SERIES

? G il 4

i S B ik
DRSNS SN 35 W

$ NOT A CHANGEABLE
| TYPE

SYMBOL CANNOT BE
DELETED

INVALID CONSTANT
NAME

This error is likely to occur while entering
any of the DEDIT commands. It indicates
that the user has attempted to manipulate
data in an already existing data file for
years not contained within the file. Retype
the DEDIT command with appropriate years,

or expand the data file to include the
desired years.

This error is likely to occur after the
analyst has entered either a MODEDIT or
DEDIT command. It is usually the result of
a typographical error and the command
should be retyped and entered.

This error occurs after the DELSYM command
has been entered. The TROLL system as a
built-in safeguard will not permit the user
to delete variable names from the list of
variables associated with a given model if
the symbol in question appears anywhere

within that model. If the symbol must be

deleted, the analyst must first delete all
equations that contain the symbol, then
enter the DELSYM command.

This error occurs while manipulating a
constant file and is probably the result

of a typographical error. Constant names
must begin with a letter and may contain
only letters, periods, and numbers. Further,
constant names may be only eight characters
long. Either rename the constant or

correct and re-enter the command.

3. Frequent Errors in Simulation

ERROR MESSAGE

e~ ea

NOT ENOUGH
STORAGE

RS S S

While analyzing the model for simulation
purposes, the TROLL system determines the
amount of storage capacity required. To
correct this, the analyst must expand his
storage (automatically given by default).
The error message will state how much
storage is required for simulation, but in-
creasing the amount by 257 is recommended.
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JACOBIAN MATRIX
1S POORLY SCALED
OR NEAKWLY
SINGULAR

RANGE FOR VARI-
ABLES IS DISJOINT
FROM OTHERS AFTER
LAGS HAVE BEEN
TAKEN INTO ACCOUNT

ITERATION LIMIT
EXCEEDED IN YEAR __
TTERATION __ .

DIVERGENCE
OCCURRED 1IN
ITERATION __YEAR __.

DATA FILES
MISSING

This error may be the result of a scale
problem, but is generated when the ratio
of the largest pivot of the Jacobian
matrix to the smallest pivot is greater
than 108, To correct this problem enter:
CONOPT MAXRAT 1E14;

Even though the analyst has supplied data
for all indogenous and exogenous variables,
lags within the model may require additional
information from the analyst. The variable
in question will automatically be printed
on the terminal at the conclusion of the
error message. The problem can be solved
usually by expanding the data file in
question through the use of the DEDIT
commands, but may also be overcome by al-
tering the search list thereby using data
from other archives.

The default limit for iterations in the
TROLL system is 10. This error may be the
result of data problems or a model im-
properly specified by the analyst. The
problem can be solved by altering the con-
vergence criterion (CONOPT CONCR .0l;) or
by adjusting upwards the maximum number of
iterations allowed (CONOPT STOP 25;).

This problem may be the result of poor
exogenous data or a poorly specified model.
Careful attention should be given to assumptions
embodied in the exogenous data. If problems
are discovered in the data they may be
corrected through the use of DEDIT commands.
Problems discovered within the model may be
corrected through the use of the MODEDIT
commands. The divergence criterion can be
altered by entering CONOPT DIVCR 25;.
Finally the analyst may "correct" this
problem instructing the system to begin
testing the model after the iteration in
question. This can be done by entering
CONOPT START 5; (indicating tests for di-
vergence should begin at iteration number 5.

The first phase in simulation involves the
generation of an input data set containing
historical values for all endogenous

variables. Lagged values for all variables
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DSET DOES NOT
CORRESPOND TO
MODEL

ATTEMPT TO TAKE
LOG OF A NON-
POSITIVE NUMBER

DEFINITION OR
CONSTRUCT USED
BEFORE IT 1S
DEFINED

MODEL HAS FEWER
"MORE) ENDOGENOUS
VARIABLES THAN
EQUATIONS

are also included. This error indicates
that data cannot be located for onz or more
variables. The problem may be corrected by
altering the search list, or by creating new
data files for the variables in question.

This error is the result of altering the

model in any fashion and beginning simulations
without previously deleting the input data
set., The problem can be corrected by entering
DELETE DSET SEMREC; and then beginning the
model simulation.

This problem may be the result of poor data,
scale problems or errors within equations,
the commarnd LIST ITER < variable name or
names >; and begin the simulation process
again. This command will cause the TROLL
system to print iteration values of suspect
variables. This may lead to altering
exogenous data or careful attention paid to
model specifications.

During simulation, the TROLL system breaks
the model into numerous blocks, solving
block 1 first and then proceeding to block 2
and so on. This error appears if a variable
declared to be a definition appears within a
block prior to the block that contains the
equation defining the variable a question.
The problem can be corrected by putting all
equations written as definitions at the
beginning of the model.

The number of equations written as definitions
must equal the number of variables declared
to be definitions. The number of equations
written otherwise must equal the number of
variables declared to be endogenous. To
correct this problem the variables list must
be printed and all endogenous variables and
definitions must be manually checked with
individual equations. It is not possible,
with large models to visually scan the
equations and identify the variables on which
the TROLL system is normalizing. The command
LKORD; will cause the TROLL system to print
each equation by number and the normalized
variable associated with it. Such a listing
will help the analyst to determine the
problem variable (variables) or equation
(equations).
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F. A Recap on Running the Model

1. Initial Conditions ]

In SEMREC3A, the procedure for generating a set of initial conditions
for capital stock to run a scenario is greatly simplified from the point of
view of the analyst. He no longer has to worry about calculating the
capital stocks for the initial recovery year or providing reduced

investment flows given exogenously from peacetime.

The analyst needs to provide the model only with percentage reductions
in branch and sector capital stocks. These are represented in the model as
exogenous variables (DK s the variable K is the capital stock
affected. Note that capital stock for the current year is endogenous. It
is calculated'by adding capital formation last year to the initial capital
stock last year. Therefore, if reduction in capital stock is to occur one
time only (it becomes a permanent reduction, i.e., growth in capital stock
is achieved only via succeeding capital formation), the DK variable
is set to the ratio of capital removed to total for the year before the
reduction is to take place. That is, if the capital stock of the soft
goods branch is to be reduced by 5 percent in 1976 (for purposes of example
only), then DKISG should be set to .05 for 1975 and set to zero for every
other year. The model automatically calculates the new capital stock by
reducing the net value of the 1975 capital stock carried over to 1976 and
reduces capital formation and investment flows appropriately as well.

Thus, in periods later than 1976 capital formation depends on lagged
investment which predates 1976, those investment flows will be reduced by
the same percentage as the capital stock in the branch or sector. Some

capital formation equations contain investment lagged five periods.

Population initial conditions can be reset by generating a new
population data archive and placing it on the SEARCH list prior to existing
population archives. Data are required for total population (NPOP9) and
able-bodied population (NPOPAB9). These are both exogenous variables and a
value for each year of the simulation must be supplied. Several !

alternative population archives are available with the model.
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2. Setting Analyst Levers

There are two types of analyst levers that must be set for a model
simulation. The first type is priority weights. They implicity enter the
cost function for the balancing mechanism and explicitly appear in the
adjustment equations. The higher the weight on an adjusted variable, the
more likely the mechanism will find a solution which minimizes the change
in that variable from the initial value. Both of these sets of priority

weights are treated as coefficients by the model; there is one value stored
for each that applies to every period and thus they are altered by a CEDIT
command prior to simulation (it is not necessary to have a new input DSET
created for simulation as is required after MODEDIT commands). The

ad justment weights are normally set to 1.0 for all adjustments. This sets
priorities on all outputs and end-uses to be equal. Note that weights are 1
important in a relative sense, i.e., with one weight set at 2.0, an output

adjustment in one sector would be twice as "costly" as an adjustment in any

other sector in achieving balance. Changes in the weights would be made
interactively in running a scenario. That is, if a model simulation shows
too great an adjustment in an output or end-use that was required to
achieve balance, then, in the next simulation, that sector’s adjustment
weight should be increased (possibly doubled as a first guess). It is
likely that as a weight is increased successively, changes in the simulated
ad justed value will be smaller with each simulation until no solution can
be found. A real bottleneck will be indicated at that point, and changes 1
in targets for other variables would be required to reduce the adjustment
needed to obtain balance. On the whole, these sorts of calibrations are
not required for moderate variants from the basic scenario and should only

be undertaken after the analyst has a good feel for how the model behaves.

The other types of analyst lever affects the target functions in the
model, that is, how initial values supplied to the balancing system are ]
set. These levers are stored as exogenous data variables. When the model

is run in peacetime mode, the functions reproduce historical values over
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the pre-recovery period for consumption, investment, and foreign trade.
For the recovery period, the analyst selects values for exogenous variables

in the equations which modify the setting of targets for end-uses (the
P, ):

o Consumption ~ the anlayst determines the share of per
capita consumption on each category in 1975 to be
maintained in the recovery period, e.g., GAMMA; a
growth rate is built into each equation (e.g., BETAD,
the historical rate of growth is the default value) to
move the targets over time.

o Investment ~ total non-ag, ag machinery, ag
construction: this equation sets a base level and
growth rate for each category (default values reproduce
historical trends); the model automatically reduces the
base level of investment (e.g., ETAINA) concomitant
with the reduction in capital stock for recovery which
then grows at historical rates (e.g., ZETAINA, the
growth rate can be altered by the anlayst if *
desired)--a provision for entering year by year
departures from the trend is also provided (e.g.,
DELTAINA-- the natural log of an analyst-desired change
in a non-ag investment)

o By Sector and Branch - investment flows to sector and
branch are determined by eogenously set shares of the
appropriate investment aggregate (after the aggregates
are adjusted in the balancing mechanism); default
values are historical shares (1975), are stored as
exogenous data, and may be altered by the analyst for
any year desired

o Foreign Trade - the foreign trade equations are really
two alternative functions linked together-- the SOVMOD
peacetime formulation and a target function (base
level, growth rate, and analyst- determined derivation
as for investment--if the MU variable is set to 1, the
SOVMOD equation is used, if the KAPPA variable is set
>0, the target function is used. (Note: If KAPPA is
set to a value greater than 0, MU = 0),

o Government Expenditure - for Rand D budget (P.BRD) and
administration and other budget (P.BAO), the standard
target functions are used (default values reproduce
historical trends--SIGMABRD is the base level, IOTABRD
is the growth rate and NUBRD is an exogenous deviation
that may be determined by the analyst.
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The setting of these levers is explained in greater detail in preceding
sections. Remember, these determine the initial (P.) values which are then

subjected to balancing and adjustment. See the checksheet on levers, which

follows.

3. Doing the Simulation

Once analyst levers are set and initial conditions specified,
little is involved in running the model. The SIMULATE; command will cause
the creation of an input dataset if no dataset with the name SEMREC3
exists. This input dataset will be created according to the search list.
Archives containing initial conditions and analyst levers to be set at
other than default values should be searched before the archives entered in

the search 1list, by the command:

TROLL. &SRCHREC3

A sample search list with required archives in addition to the basic data
appears in the table following. This is in the form of a macro statement
(&SRCHBASE) which was supplied with SEMREC3, along with the listed data
archives; but the search list can be created with individual TROLL

commands.

When the search list 1s as desired, merely give the command:
SIMULATE; change any levers in coeffieicnt files prior to this, but it does
not affect the input DSET. TROLL creates the DSET, analyzes the model and
generates the code. It then asks for a simulate command. The model can
currently be run from 1973 to 1985 but starting no later than 1976. Given
the commands SIMSTART year; DOTIL year; FILESIM followed by a name for the
dataset in which simulation values will be filed. When the system prompts

a TROLL COMMAND the simulation has been completed. You can obtain solution
values for specified variables with the PRTDSET command (see preceding

sections).
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Table

Sample Search Lists for SEMREC3

Basic Data

Macro SRCHREC3
TROLL COMMAND. &SRCHREC3
(Executes the following)

DELSEARCH ALL;
SEARCH FIRST DATA _ SHARES

DATA _ INV
DATA _ MISC
DATA _ DBASE

DATA _ ENEINT
DATA _ ENERGY
DATA _ FLOW 1
DATA _ BALANCE

DATA _ 102
DATA —_ MINPUT
DATA _ USSR

SAMPLE SCENARIO DATA
Macro SRCHBASE

TROLL COMMAND. &SRCHBASE
(Executes the following)

§SRCHREC3

SEARCH FIRST  DATA _ BASEXM4
DATA _ BASEXM
DATA _ BASEC2

DATA _ BASEI
DATA _ BASEX
DATA _ NCD

- (consumption levers)

Iv-3

(factor shares of GVO)
(other final demand)
(default files for levers)
(final demand definitions)

(energy block variables)

(GVOs)

(special balancing variables)
(I-o coefficients)

(material inputs)

(basic SOVMOD databank)

(foreign trade levers)

(investment levers)
(capital stock reductions)
(population changes)
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Table IV=4
Checksheet for Analyst Levers
Lever Name Stored As Corment
Labor/Capital Ratios RNKEP, etc. coefficients default = 1975 values
Balance/Adjustment A01-A20 coefficients default = 1.0
Weights A21-A40 default = 1.0
Consumption Targets GAMMAD, etc. exogenous multiplier on per-capita
variable default = 1.0
BETAD, etc. exogenous growth parameter default
variable = historical
Investment Targets DELTAINA, etc. exogenous log of multiplier, one-
variable time shock default = 0
ZETAIAM, etc. exogenous growth parameter default
variable = historial
Investment Shares IRMBY, etc. exogenous default = 1975 values
and Military variable ag. + non ag. must = 1;
Procurement, sum of shares for sectors
must = 1; sum of shares
for branches of industry
must = 1
Military Durables MDMIDP exogenous analyst target (see p I-45)
Foreign Trade MUl through exogenous MU = 1 peacetime formula-
MuU25 variable tion. MU = 0, SEMREC
formulation (default)
KAPPAl through exogenous if MU = 1, then KAPPA
KAPPA25 variable can be set to fraction of
historical trend to be
maintained (default,
KAPPA = 1)
PSI1 through exogenous log of multiplier, one
PS128 variable time shock, default = 0
RHO1 through exogenous growth parameter, default
RHO28 variable = historical
Government NUBAO and exogenous log of multiplier, one
Expenditure NUBRD variable time shock, default = 0O
IOTABAO and exogenous
IOTABRD variable use default
SIGMABAO and exogenous
SIGMABRD variable use default
110




Table IV-4 (Cont’d)

Checksheet For Analyst Levers

Lever Name Stored As Comment

Initial Conditions NPOP9 and exogenous actual population

Population NPOPABY9 variable estimates, default is
demographic projections

Capital Stock DKICP, etc. exogenous fraction of capital

Reduction variaiisa stock reduction (25%,

DKICP = ,25) default = 0

RXTGAN, Declines back to 1 over
RXTOIP period

1. Coefficients are changed by CEDIT COMMAND.

2, Exogenous variables are generated by DEDIT
COMMAND, create archives for simulation SEARCH

list.

3. To obtain values for each lever of a class.
(exogenous variables DELTA __ , for example)
type PRTDATA DELTA***, To print every
variable in an archive, (BASEK, for example)
use PRTDATA BASKET _ >.

NOTE: For guidance in setting analyst levers, see SEMREC3A;
Baseline Soviet Recovery Case; CEPR-TN-8156-2.
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APPENDIX 1I:

SEMREC User’s Guide: Revised Model with
Disequilibrium Adjustment

I. Introduction

The current version of the SEMREC model is the result of a major
revamping of the disequilibrium adjustment mechanism which was used in the
SEMREC2 model presented in the last revision of the User’s Guide. This
respecification means that SEMREC3A represents an improved tool for the
analyst and will provide a more realistic picture of the recovery process
via the imposition of internal consistency with respect to the sources and

uses of sectoral outputs both for material inputs (intermediate uses) and

final uses.

The respecification of the disequilibrium ad justment mechanism
involved the elaboration of the final demand matrix for the base year for
an expanded number of final demand categories and including all sectors so
that balance could be insured. The adjustment algorithm was expanded to

provide for adjustments of final expenditure categories as well as outputs.

The input-output based final demand categories had to be carefully related

to the model concepts for expenditures based on GNP accounting.

The inclusion of final expenditure adjustments as part of the
balancing scheme also permitted the respecification of the consumption and
investment blocks which provides for a more satisfactory mode of analyst
intervention in end-use determination than had been the case in the earlier
versions. The analyst is now able to set targets for consumption and
investment items (in terms of initlal levels and growth rates). The values
for these variables are then adjusted to provide for balance in the
production and use of sectoral and branch outputs. 1In addition, the
foreign trade block from the SOVMOD peacetime model has been modified to
incorporate analyst-determined assumptions about the levels and composition
of foreign trade in recovery and included in SEMREC III, whereas trade




flows were completely exogenous in earlier versions. Trade flows are also
adjusted by the balancing mechanisms.

Because the disequilibrium ad justment mechanism now ad justs gross
value of output rather than the CIA output index (1970=100) for the
branches and sectors, gross values of output production functions have
replaced the earlier form. Rather than the straight two-factor Cobb-
Douglas formation, after estimating a broad variety of specifications,
three-factor (capital, labor, and material inputs) functions with

constrained factor shares and an estimated returns-to-scale parameter were

selected. Thus, inter-sectoral deliveries are already considered, albeit
at an aggregated level, in determining the outputs before they enter the
balancing system. Because the output indices are still used to calculate
GNP by sector of origin, linking equations relate the adjusted gross values
of output to output index values (note this is a reversal of the linking
process in the SEMREC2 specification).

As a result of these modifications, it is possible to have greater
confidence in the implications derived from model simulations than for
earlier versions of the model, primarily due to the intersectoral

relationships that are modeled, as well as the links between output and

end-uses. Moreover, an increased number of analyst levers coupled with
improved implementation of the analyst’s choices have been incorporated

into the model specification,




—
§
i
i
|
i
H
i
!

II. The Balancing and Adjustment Mechanism
A. Purpose

:
:! As the path of a model simulation increasingly departs from
j historical experience, the possibility becomes greater that forecasted
;; rates of growth among sectors and end-use components will become

‘ inconsistent with the intersectoral relationships and output-end-use
fi relationships dictated by production technology and the composition of

end-use aggregates. This, of course, is the case in simulating a recovery
scenario.

' It is therefore necessary to insure balance in the output and

‘ uses (both intermediate and final) of output in the production sectors.
The initial values of gross value of output and final expenditure
categories produced by the macro-model equations are adjusted to provide
for that balance. The aljustments are made by the model in such a manner
as to minimize an objective function that is a weighted sum of the squares

of the individual adjustments, that is the deviations from the initial

targets for the production and expenditure variables.

The SEMREC3A balancing mechanism improves on the earlier version
in a number of aspects which provide for more satisfactory performance. It
is more comprehensive in that adjustments are made in both outputs and
expenditure variables, thus increasing the ability of the system to find a
satisfactory solution. The base-year final demand matrix, critical to the
calculation of the sectoral output balances, is complete in terms of
producing sectors and end-use categories and thus the coefficients are
derived from a balanced matrix in compatible prices (1970 producers
prices). Conceptual inconsistencies between the model’s GNP accounting and

the Soviet national income (net material product) concepts used in the

reconstructed input-output tables have been reconciled in the new model.




B. Structure

The balancing system calculates adjustments to initial output and
expenditure values via the simultaneous solution of the first-order
conditions for the minimization of the objective function. The objective
function is a weighted sum of the squares of the individusl adjustments,
where the weights reflect the priority attached to the specific output or
expenditure category (i.e., the greater the priority attached by the
analyst to a target the higher the weight attached to a deviation from the
initial value). That is, it is the objective to minimize the value of D,

vwhere
o 2 o 2
D=gIw (v, -y, +ris; (x5 -x)
and Y, = adjusted expenditure level
y: = initial expenditure level
v, = weight associated with the fth expenditure component
d = weight associated with the expenditure adjustments
x: = initial output of the ith sector
X = adjusted output of the ith sector
s, - weight associated with the ith sector output
r = weight associated with output adjustments

This minimization is accomplished subject to a number of constraints,

namely the balancing of output and uses of output of branches and sectors

and the overall balance, i.e.
G = (I - A)X (gross values of output less interindustry uses)

F = BY + INV (final expenditures + inventory accumulation)

F =G (sector and branch balances)

T i e
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where bij = element of matrix B, output of sector i delivered to

final expenditure category j per ruble
of expenditure in that category in the base year

A = the input-output technology matrix
INV:l = the final demand residual for sector i, inventory
accunulation and statistical discrepancy

(I-A)ik = i,k element of matrix (I-A)

The Lagrangian Z is then formed:

0,2 o
Zmdgwy (7, sy tr ey Gy -xpt e
tE {ﬁ =My * = IV = [by,y, + § by, yj]}
jf
Differentiating the Lagrangian with respect to Yy, and X and setting them

equal to zero, we obtain the adjustments that minimize the objective
function:

- for expenditure ad justments

2 o
=0=2dw (y ~y)-3%2Xx,0b
_ayz L | A L f 174y

(note that f biz = ] and that it is assumed that INV is not
a function of any y)

= for output adjustments

2 L 2rs (x -x°) 4z (I-A) -2 °INY
Xy k k k J 3 jk k 3 Xy
1 1
and then let I = 2d and I = 2r.
Yy ®x

This balancing scheme assumes that some sectors are not balanced

individually. If the opposite were there, the overall constraint would

merely be the sum of the individual constraints, and the set of constraints

would not contain all mutually independent elements.

POy
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The weights L/ and 8, consist of two parts (explicitly coded in the
model), a scaling factor and a relative weight. While the scaling factor
is not altered by the analyst, the relative weights are important analyst
levers for directing the impact of the adjustment mechanism away from high
priority targets. A typical adjustment equation is coded as follows:

0 = WSUMI * AO1/WOl #*°2 * (XIOME - P.XOME) + LOl + 120 - ...

Where A0l is the relative weight for the output of the metallurgy branch;

WSUMI and WOl are scaling factors. P.XIOME is the initial value and XIOME
the adjusted value for gross value of output of metallurgy. The adjustment
equations are solved simultaneously with the balance constraints to obtain

a solution for the desired adjustments. A typfcal balance equation is
coded as:

201 = GOl - FOl - INVOI

where Z0l is exogenously set to zero, i.e., the production and uses of
output in sector 0l (metallurgy) are required to be in balance. GOl is the

output of metallurgy less interindustry uses which is the output available
for final delivery:

col = xtoME - 38 &, % x10
c, 201t X0

where the a1j are coefficients of the input-output matrix. FOl is the sum

of final expenditures on metals output

V]
FOl = g.l bj,al Yj ’
where the b K are the coefficients of the final demand matrix and the Y

are the final expenditure categories (food consuwmption, durables

consumption, etc.). INVOl is the inventory accumulation and statistical

discrepancy for sector 01, which is predicted by a typical inventory

equation (a function of current and/or lagged gross value of output of the
sector):

I-6




where QTS50 is a time trend and Q67 a dummy variable which removes the

|
|
% INVOl = CF200+CF201+XIOME+CF202*QT50+CF203%Q67

{

}

! anomalous observation for 1967, the year of a major price refomm.

The following sectors are constrained to be in balance:

il 01 metallurgy 07 chemicals 12 processed food

E : 02 coal and peat 08 forest products 14 construction ‘
?i 03 o1l 09 paper and pulp 15 agriculture f
Ei 04 gas 10 construction materials

3

06 machine-building 11 soft goods

p- and metalworking

Note that the residual sectors, industry, n.e.c., and Other Branches, are
not checked for balance nor are the service sectors, transport and
communication and trade and distribution. Electric power, because of the
specification of the energy block is always in balance, {.e., production is

set equal to usage. Transport and communications and Distribution and

trade are also set equal to calculated requirements.

The outputs of all sectors listed above are adjusted. The relative
weights (A0l for sector 01, etc.) are initially set to values determined in
calibrating the model, but can be altered by the analyst to alter the

pattern of adjustments if he feels it appropriate. The desired values for

the weight would be obtained through iterative simulation experiments.

Aside from the balances and output adjustments, the mechanism also

b meree e

requires that the model expenditure concepts (from reconstruction of Soviet

-

accounts by Western analysts) be translated into concepts compatible with

the final demand matrix (Soviet national income and input-output concepts).
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These translated concepts represent initial values which are then adjusted
by the model and translated back to the model’s GNP-accounting concepts.
The relationships between the two alternative sets of accounting concepts
are described in the sections below on the final demand matrix. The
following final demand categories are adjusted by the mechanism (that is,
they are the yj in the exposition above:




Reference Number

21
22
23
24
25

26

27

28

29
30
31
32
33
34
35
36
37
38
39
40

CFPR
CNPR
CDPR
CSPR
GPHS

GNTC

GHEC

GSBA

ERPR
EMPR
EFPR
ECPR
MRPR
MMPR
MFPR
MCPR
MGPR
M

1C

IRIO

consumption expenditures, food

consumption expenditures, other non-durables
consumption expenditures, durables
consumption expenditures, services

governmen!. expenditures, public housing and
services

government expenditures, non-productive transport
and communications

government expenditures, health, education; and
culture

government expenditures, science, banking and
administration

exports, raw materials

exports, machinery

exports, food

exports, consumer goods
imports, raw materials

imports, machinery

imports, non-grain food
imports, consumer goods
imports, grain

investment, machinery component
investment, construction component

capital repair expenditures
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C. Elaboration of Final Demand Relationships

1. Purpose

The disequilibrium adjustment mechanism of the model requires deter-
mination of the degree:of balaunce of the output of each sector and the
sum of interindustry uses and final demand. Interindustry uses are
calculated via the input-output coefficients (A matrix) derived from a
series of balanced 18-sector flow tables in 1970 rubles and the gross
values of output (GVO) from a set of production functions relating GVOs to
factor inputs. Having deducted the interindustry uses from GVO, output
available for final deliveries is obtained (eq. 5.1)

18

‘ (5.1) G, = XIOi - Za

X0,
1 so1

1j
where the Gi = output available for final delivery of sector i
x10i= gross value of output of sector i

)|
aij = input requirement of sector i per ruble of GVO of sector j 1
1

i

Against this vector, a vector of final demands must be balanced.

This requires not only levels of end-use generated by the model, but also
information un the scctoral composition of the end-use components. !
Information consistent with reconstructed Soviet input-output data is

available for the benchmark years - 1959, 1966, and 1972. The 1966 data

were selected as the base year, not only becausc they represent a mid i
point, but also because of the greater detail available on deliveries
4 within the final demand quadrant. 1t was necessary to accomplish the

following steps to formulate the required matrix:

I1-10




(1) Obtain information on columns in the final demand matrix in
as disaggregated form as possible to reflect shifts in
composition of end-use aggregates over time;

(2) Convert this data, where necessary, to 1970 producers prices
in order to be consistent with the input-output coefficient
time series;

(3) Relate the column totals to model-generated variables for
the base year;

(4) Insure balance, since no balanced final-demand matrix with
all the required columns was published.

Upon completing the procedure it was then possible to calculate a

balance equation for each sector (eqs. 5.2-3).

24
(5.2) F, = I b, .Y
i j=1 ij 3
(5.3) Zi = Gi - Fi = Balance

where Fi = final demand deliveries of output of sector i
Yj = total expendltures for end-use category j
bi. = share of deliveries by sector i of total end-use
of category j
Initial production levels generated by the production functions are fed

into the balances and the disequilibrium mechanism adjusts sectoral

outputs to insure balance.

The earlier version of the disequilibrium adjustment mechanism provided

for similar final demand calculations, however they did not assure complete

allocation of expenditures in the base year, energy sectors were balanced

in physical terms outside the final demand matrix and there were no balances

for the service sectors. This new elaboration attempts to insure consistency

and balance in the base year final demand matrix for all sectors together

with an expanded set of final demand categories.
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2. Construction of the Final Demand Columns

A number of versions of the final demand quadrant for the reconstructed
1966 Soviet input-output table have been published by the Duke University -
Foreign Demographic Analysis Division Soviet Input-Output Project with
alternative disaggregations in 1966 purchasers' prices, 1966 producers'
prices, and 1970 producers' prices.1 Unfortunately , in the producers'
price tables, final demand was not disagpregated further than private consump-
tion, public consumption, and other final demand. Other final demand
represents the sum of net exports and gross investment (accumulation in
Soviet statistics) which are indicated separately in the purchasers' price tables,
Moreover, 1970-based price indexes werc available only for flows in
producers' prices.2 The 1966 purchasers price table with supplementary
data provides an additional disaggregation of public consumption--public
housing and services, non-~productive transport and communications, health,

education and culture, and science, banking, and administration.

The columns required for the final demand matrix, at a minimum,
include:
private co..sumption public consumption
exports imports
fixed investment capital repair
inventory investment defense procurement

1See Vladimir G. 1Treml, ed., Studies in Soviet Input-QOutput Analysis,

Praeger, New York, 1977 for 1966 tables in 1966 purchasers' prices (Table 1.1,
pp. 10ff.) 1966 producers' prices (Table 1.2, pp. 31ff.) aggregated with sup-
plementary final demand data in 1966 purchasers' price (Table 1.3,)

pp. 52 ff.) and 1970 producers' prices (Table 5.1 pp. 204ff.)

2See Vliadimir Treml, Price Indexes for Soviet 18-Sector Input-Output Tables
for 1959-75, SRI Technical Note SSC-TN-5943-1, June 1978. These indices
incorporate some corrections and revisions not reflected in 1970 price
table cited previously.
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in order to derive sectoral composition of end-use components deter-

mined by the model blocks. In addition it was desirable to further dis-

LA AR G 5 . O
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aggregate some of the major categories in order to minimize the impact

L A
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of the changing composition of the broader category over time relative to

that in the base year.

a. Private Consumption

Although private consumption appears in the reconstructed tables
as a single column it was decided to disaggregate the category into consump-
tion of food, non~durables, durables, and services, with the delivery of
each sector to private consumption allocated to only one subcomponent
according to the general character of the output of the sector.1

Sectoral deliveries of the non-service sectors were calculated by
aggregating the 76-sector entries in the private consumption column of
the 1966 producers' price table (Treml, 1977) into 16 non-service sectors
and applying the price indices developed by Treml for the time series of
18-sector tables in 1970 producers' prices (Treml, 1978, see footnote 2 on
page 12). No separate price indices were available for trade and distribu-
tion or transport and communication. Therefore, the methodology developed by
Treml and Guill which used the 1972 ratios of sectoral deliveries in

producers’ prices to the distribution and trade and transport and communi-

cations entries to derive entries for these sectors for tables in 1970

1The trade and distribution and transport and communications sectors are

an exception. Deliveries of these scctors to consumption in a producers'

price table represent these functions in the cost of delivery of the
non-service sectors to consumption and thus are entered into each subcomponent.

I-13
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1
producers' prices was applied (see Table A-5.1).  Thus, entries for the
two productive services sectors were obtained for each of the categories

of consumption (private and, see below, public consumption categories).

b. Public Consumption

The deliveries of sectors to total public consumption were
obtained in the same manner as those for private consumption, that is,
aggregation of 1966 producers' price entries and the application of Treml's
price indices and trade and transport ratios. It was desirable, however,
to disaggregate this category, both for the reason of changing composition
among sub-components and better to relate the input-output concept to
expenditure categories in the model.

More detailed information on public consumption is provided in Treml
(1977-Table 1.3) in an aggregated purchasers' price table for 1966 with
supplementary final demand data. Public Consumption is disaggregated into

four columns:

Public Housing and Services
Non-productive Transport and Communications
Health, Education, and Culture, and

Science, Banking, and Administration.

For each sector,the ratio of the delivery to each subcomponent to the sum
of deliveries to public consumption in the reconstructed table was used to

iistribute the delivery of the sector in 1970 producers’' prices to each of

the four §gbcgmponents .

1 See Gene D. Guill, Deflation of the 18-Sector Soviet Input-Qutput Tables,
SRI Technical Note SSC-TN-5943-4, August 1978, pp. 21-23. It should be
noted that while the methodology was correctly stated, an error has since
been discovered in the calculation of final demand for the trade and
distribution sector, thus leading to incorrect entries for GVO and value
added plus depreciation for that sector as wecll as total final demand and
GVO, for each year. Corrected entries were determined for this study.
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‘ Table A-5.1
j CALCULATION OF TOTAL FINAL DEMAND ENTRY FOR
i DISTRIBUTION AND TRADE FOR 1966
2 For each year FD . = 151-13,15,18 a (FD)d; + (1 - a,)(FD)S,
4
,;
®{,1966 4 51 FDy Dy 17
ri 1. Metallurgy .2933 .0189 .0179 2313112 42083
! 2. Coal and Peat  .8195 .0256 .0320 1326714 35496
E{ 3. 0il1 .2191 .0348 .0675 1947093 117479
3 4. Gas 4629 0 0520 210930 5891
%‘ 5. Electylc Power .9859 0 0 1654031 0
9 6. MBMW .1384 L1224 .0098 36396068 923868
f‘ 7. Chemicals .7329 .2645 .0155 2340239 463349
: 8. Forest Products .6061 .0764 .0238 3398237 189216
] 9. Pulp & Paper . 7844 L4230 L0411 81696 27830
F' 10. Construction
Materials . 9425 .4009 .0102 688512 260556
11. Soft Goods 1.166 .0823 .0017 17722064 1698490
12. Processed
Foods 1.011 .1603 . 0066 40163655 6506110
13. Industry, NEc  1.144 .0433 .0074 3204560 155323
15. Agriculture .7655 . 0404 .0652 30790098 1422983
18. Other Branches .9743 .2676 .0122 2426640 633438
then for each year GVO17 = interindustry use + FD17
where
o _ private consumption + public consumption of sector i, 1966
i, 1966 total final demand for sector i, 1966
(interpolated between benchmark years)
di = distribution charge attributed to one ruble of sector i output
delivered to consumption
Si = supply charge attributed to one ruble of sector i output
delivered to all other uses
FD = final demand in thousands of rubles
I-15
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c. Exports and Imports

Exports and imports are not shown separately in the reconstructed
producers' price tables, but rather net exports are included in an other
final demand column. Because it was necessary to relate model values
for trade flows by commodity group to balances for individual sectors,
export and import columns for the base year final demand quadrant in
1970 producers' prices had to be estimated. Export flows in 1966 prices
were assumed not to contain turnover tax components. They were inflated
by price conversion factors for final demand at the 76~sector level in-
dicated in Treml and Guill's study on price conversion of the 1966 table
(Treml, 1977-Table 5.2), and aggregated to 16 non-service sectors.

Import flows were assumed to contain turnover tax components.1
The import share of turnover tax implied by the other final demand entry
for tax on purchases in the 1966 producers' price table (Treml, 1977-
Table 1.2) was shared out proportionately and deducted from the 76-sector
import entries in purchasers prices. These were then converted to 1970
prices with the conversion factors and aggregated to 16 non-service sectors.
In an effort to account for effects of the changing commodity compo-

sition of trade flows over

columns were disaggregated into subcomponents of major commodity groups:

Exports Imports
Raw Materials Raw Materials 1
Machinery and Equipment Machinery and Equipment |
Foodstuffs Non-Grain Food
Consumer Goods Grain

Consumer Goods

1 See Treml, op. cit., 1978,
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This disaggregation also relates well to the commodity groupings of the
model's trade block. As in consumption, each sector's deliveries were
wholly allocated to one subcomponent according to the general character
of output. An exception to this procedure was made in the case of In~
dustry N.E.C. and Other Branches (Sectors 13 and 18). For these sectors,
use was made of the foreign trade handbook to estimate appropriate splits
of deliveries between raw materials and consumer goods subcomponents,

and to split agricultural imports into non-grain and grain components.6

d. Gross Investment

It was assumed that fixed ‘investment and capital repair of
equipment consist only of deliveries from the MBMW sector (and concomitant
entries for the trade and distribution and transport sectors, about 5 per-
cent of the purchas%rs' price value for MBMW final deliveries of producers
investment goods, per Vladimir Treml). For fixed investment, the MBMW
purchasers' price delivery was taken as the official Soviet investment
durables figure for 1966. The MBMW delivery to capital repair was
taken as the delivery of the repair sector to other final demand in
Treml and Guill's 1970 price table (Treml, 1977-Table 5.1). The gross
investment component of the transport and communications final demand
entry (per advice of V. Treml) was allocated proportionately to invest-
ment in equipment and capital repair. The trade and distribution

entry for investment in producers' equipment was the residual of the 5

6On this last split, see also Forelgn Agricultural Service, USSR Agri-
cultural Trade 1955-77, U.S.D.A., August 1978.
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percent service component. The capital repair trade and distribution
entry was obtained from the proportionality between the two service
entries in the investment equipment column.

The construction component of the capital repair column is the column
residual given the entries for the MBMW, T & C, and T & D rows. The
column total is the product of the 1966 value of the 1970-based capital repair
index produced by CIA's Office of Economic Research and their 1970 value for
capital repair in the reconstructed GNP accounts.

The last remaining entry required for the fixed investment category
is the distribution of the deliveries of the construction sector. Based
on data from official Soviet statistical handbooks, it appears that taking
the distribution of capital investment expenditures, excluding the durables
component, results in an overestimate for this entry by the amount of
losses, and other outlays (such as for site preparation). Vladimir
Treml suggested using the sum of the volume of construction and assembly
work performed (contract and sectors' own-force construction, including
that by collective farms), the volume of design work, and investment in

individual housing.

e. Other Final Demand Items

Given the sectoral final deliveries in 1970 producers' prices
from Guill's series of 18-sector tables (Guill, 1978), modified for the
distribution sector, and the calculated entries for public and private
consumption, exports, imports, fixed investment and capital repair, a
residual for each sector was obtained. These residuals in the base year

should represent inventory change (including the change in unfinished
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construction, net additions to livestock herds), residual defense items
not included in public and private consumption and fixed investment,
losses, and sectoral statistical discrepancies. Separation of residuals
into subcomponents has been undertaken (see Table A-7.1).

Given inventory change, change in livestock herds, and change in
unfinished construction, remaining residuals, aside from those arising
from statistical sources, might be attributable to defense end-use.
According to Treml, the appropriate item is defense procurement, be-
cause other components of defense expenditures are incorporated into
public and private consumption. Thus the residual of concern here is that
in the MBMW row. In the GNP accounts a portion of this residual (pro-
curement of non-military durables by the defense establishment) is
associated with ;nventory change--in 1970, between 1.0 and 2.0 billion
rubles.1

This series of calculations fruom reconstructed input-output tables, the
Soviet handbooks, and Office of Economic Research series resulted in an ela-
borated final demand matrix for 1966 in 1970 producers' prices. The

results are presented in Tables A-5.2 and A-5.3.

D. Relation of Model Expenditure Categories to the Final Demand Matrix

Due to the expertise and additional information represented by recon-

structed data published by CIA's OER and by individual Western scholars,

SOVMOD's specification has been based on the Western accounting concepts

employed in these reconstructions which are incorporated into the model database.

1John Pitzer, Reconciliation of Gross National Product and Soviet National
Income, NATO Colloquim Paper, December 1977, p. 29.

I-20




rraae

@ L1501 viol
"' LA 89C"1 19z°1 8L1't 00zt 9n1'SL , 686°%L fel01gng
€oz (o 191°2 191°2 saydouelg 13430 €1
pray
(141 %89 (ol 1A 989 9Ll 099°*¢ 00t ‘01 pue uojINqQIAISTY L]
SUNTI¥DJUNEMO)
80z 922 16 o 619 oyl LLs 162 vy 1 9(n‘? pue uojliwiiodsuci] ¢l
87 {3 711 LS o) ez aMNTIdY  CY
WOJIONIJSUO) 9]
*3°3A°N
St 12¢ 98 1] £43 Sol'¢ cot'e *Kiysnpuy 1
pooyq
8t sz ( 7t 71e°2 LHZ'HC| €8Z'8C passadoid 71
1491 9z¢ Ty 9L 1L \ 206°61 90661 spoan 1jug 11
s{ejidlvy
4] 8 81 143 viez L4 802 Lo RELE RECC B
1€ 12 9 61 Ll 1sdeq pue dlud 60
€81 121 L 2Tl (347 ez 112t $120pord 163104 EU
657 99y 711 44 2R 7Y 29 slUtojedyy L0
88 7t 90z (49 wrt 'l 875°¢ 8vs°¢c K 90
691 692 o(1 eei brtL coy 768 a9nog 33115213 SO
9 8 P2 8 €€ 79 _ 9 sen 90
8s 08 _ s21 Ly L7l ! K ‘ 78 110 €0
€St At 62¢ vl $06 v T8I | 8t 3t34 pue [€0) 20
S09 6 124 Y< BYY ~v (7] o1 £2anyieddl 10
-4 s — _
vesd 4 IHY JIND LHAD vl ddvo ddud) ¥dnd L REW 013 10103¢
UOIIPIISJUWpY | 2an3|n; 7 I suoriesgunww. ) [ ) P TN ivivg — ST WAy IqRANg | SATyrang pod [v3v] 104uAs
§ Bupyueg uelronp ) i s jaodsuriy 9 Jduistoy | ! _ ! =0y /puvwaq
20U IS YITE K 0 AT II0PLIG-UeN Tgng ) ,_ | 484ie ] ] A10303r) [Cujy
.jlll.l.l!l T ST Taovadwasuoy otyqey’ T 0 T T T 0T |l\ﬁ TTTT T ayidausuo)y agvarag
L .. e e e e e e e o e e e e e —
(592314 52920 ay *=a[quy g6l JO SUOITTTH)
(XI¥EVR ,4,,)
SNOLLVOUTIV IVEINALV UNVIR4A TVNLS 9961
76~V vl
o e e s o Sl S

I-21




111 95¢ Ul vieL ._

| 86¢ _ 808y ! | 5720 SN £6L°1 1652 RS 4z 968°1 000°¢ | | [e301qng
¢ ] [ vl — L1 9 m € ~Qn sayouexg 13530 gl
: apeaj
m 1 ‘ pue ucpaInqialsiq |
_ m SuuTILdTUNEEN)
_ | ! : _ pue uojiejiodsuerl g
i ]
861 _ Loy ! ! Swet 'zog | 29¢ 21032313y ¢
i m ' * ! ! ! uopIINIISUN) -
' H 3 ! .
i ' . _ 33
68 | < ~ w1 _ "z I e 8s ‘h1asnpry (1
! pooy
71 ! 962" 1 08¢ o8¢ pessadolyg 2%
91" __ 91L°% 8T 141 spooy 3305 (1
X { s|epadIey o~
T4 14 9¢ 9¢ uoJILNIISUL) yI 4
| e 811 21 €21 1adeg pur ding 60 =
792 yo292 ' (1174 oLt s1 npoid 18d104 60
b 6L 16¢ Y L sIE2IEAY)Y 40
6Lt he't 968" 1 9681 MREk 90
| 194 %4 1am0d 27232311 <0
| 22 114 sPy 90
98 98 $88°1 $88°1 110 €0
1§74 [3:14 ' 96¢ 96¢ 1eda4 pus [ec) 9
096 096 c0z°t s0z°¢ ABanir®iayg {0
| SIS S ——— - a ] e, e — e R - C——— ———
84N HdM udAN Ydhi PR IR PERY] wddt W oLk 013 PUREL 2
uje1n K]°00%) poc4 Ki2uyy ry CIP1IMIPY ty g SO0 ooy Lasupoey S1a0dXg triol 1oq
A-ansuo)| UlIRID-uny R 4 whtuo) spersoey I /Puctusq
- . TIPS NS IS —N— N . - LAl LU L.
e € Jralv
- _ - U EN —_— 1
SNOLLVOUTIV GNVKiIQ TYNLId 9ybl
- (panutiu0d) Z7°¢-¥Y 3[qeL
e ‘ R . .- . A v - - .

o o - s —— -..\




e

6%6°S1Z

P24 M4
I T AA

8TI°S
06L°0C
LeLgs

s0z‘¢

99107
et

689

8

86¢°¢€
09¢‘e
96€ ‘9¢
%691
e

(76" 1
Lze't
ez

SL1°S?

4]

oL

866
LT
L 19 ]

S8l

187

suntt ‘

kX144
606
819" 9

06
6L2-
1el
(1A

pusmaq [ru1d

XN
ae

purmag (vard 1m0

SNOTLVIOTIY (UNVREU IVNTS 9961

{(ponug Juod)

DS AL L LA

m 996° %1 001 ‘6€ 00¢ ‘81 Tviol
)
n sayducig 1o gl
apea}
14 207 pur uolINQIAISIQ (1
! $UO13ICIJUNENO)
i [7:74 12¢ i pue ucjiellodsueal g
_ ! 2in3ndjady ¢l
_ €8C°L 001°6¢ uOJIINIISUOY 9]
. ‘2°3°N
*hiisnpuy €1
poog
passadoagd 71
! spoog 1305 11
s[e1aaiey
uoy3IdNasuo) ol
_ 1adeg pur dind 60
_ $32npoid 182304 8O
! steolmay) 0
vze'L sLst AT 90
13m04 031123313 SO
: sto %0
(o €0
1Ta4 puc [Ty 20
_ Afanyieaa, 10
¥ N NI ~.. 103395
ajedyy jerjded uotTIINIISUC) 1oudynby uob!>m::lllll
[T T T Juskicoany pexty - . \vcnw.oc —~~
>._..mh.=.- t{eunty ~

1-23




Yuppunol o) anp g[elo3 O3 ppe 10U Aew :muua—
0000° 1 0000° 1 0000° I 0000 1 0000° 1 oouu 1 0000° 0000°1 00001 00001 1 vioL
-- 0tco” -- - t910° -- - - 9620° 10z0° sayduexg 13410 i
TL60” e $990° BELO” %860° L180° €560° 90£0° 0s01° 86560 apeay
pue UOTINGT1ISIA /1
T290° 89¢€0° 8560 v060° 09%0° 1990° 970" $110° 1020° _ 220" suclledjLNERO)
pue uajielzodsueay 9j
- 1680° -- - $%0° -- -~ -- 602t " 8L1Z° 2an3TnoTady ¢
- - - - - - - - -- - uojIINIISUO) 9f
So10° (2490 919Q° 790" 0€%0° -- - 1874 & -- €620° 37K
*A13isnpuy ¢!
110° 619¢° 9210° 0LC0” 6061 - -~ - SnIs” 196¢° poog
passadoid 71
s6g0° 9¢80° oLz’ €090 9£90° - -~ et -- ys81° $pood 3jos 11
$220° 600" el Ziv0* €L’ -- 6820° -= - 6100° s{elaadiey <
uoEIINIISUO) O J.
£600° 2€00° 7900° 1510 7900 -- - - -— - 13deq pue dind 60 L]
€Ss0° L610° 0£20° 8RB0 €LE0” - 1ot - -- 9020° $1J3npoag 183104 80
€t 820" ££90° 1190° 1260° 37T -~ -- -- 6S00° SI®II®AY) L0
9292Z° 8L20° 901" 0€L0° 2 - 8L6%° -= -- 0teo° ANEH 90
9990° 8¢v0° 0860° (S 120 0190" 960%° - -- -- (800" 1904 37133313 <0
8100° €100° 8800° €900° {200° 7620° - -= - 9000 " sy oh
€L10° ogt10” 160" 7190° £R10° 98(0° -~ -- -= 8000 1w 10
8570° S9E0° S0’ €991° AF0'N 940" - -- - L100° I'd4 pur (L) (u
6081° $100° L610° 9070° 1$50° == 100" - - 1000° AdangreIan (o
.|.||.T!|.:I.T:[ — L .
yiso 241 218D SHAD 019 4dS) 442 ddND A [+ go] 1022335
uopIeAIRTUIEPY | 2in3n) § | suotiedjunume) £3)[A13G [e3ug so31a1ag | saquang | sajqeang P {30 ~y/
L ] U:—J—-ﬂn vogIednpy | 9 31vusurca] 9 dupsnoy | -UuN /putwaq -~
ERLTY BT LRERE] | oanr PRI L FRENITEY _ﬁ SARULE N l~ 1AY30 KaoRoaed frupy -
—, - TTuopadun Uy ITtag T [ = BT I R L - .
- R PR S e cm—— = e —— e - —_

- — -

SNOILYDOTTIV TVIYILVK GNVIKAG IVNId 20
X1WLVR WO¥d (THATNAG SIN31D144300

£4-v Oyey

e e r - . . .
vy o N 4 . e aazr A




0000°T 0000°1 0000°1 0000° 1 0000 "1 00061  0000°1  0OUV0O" I 0000°1 0000° 1 0000° 1 Wiy
. | ! | i : |
~-~ | 9000° - -~ z500° swo” | ewor i -~ -- 9900° oo ! B2 OuRlg 124310 §1
- - - - - - - v - - -- - peiy
. pur uOLINQTIISIQ (1
- - - - - - -- _ -— - - -— SUOTIEIFUNEmMO)
_ pur ucjiellodsusiy 91
0000°1 -- o5z | - -- 1901° | --  ,6l87° -- -- 0s€0° aamaprapsdy g1
- - - - - _ - .- e -- - - ucpIdNIISUL) 9l
-~} <s810° -- -- stio 210" Lo’ -- -- 6700° 9600° _ 73N
*Aaasnpuyl €1
i -- - e --= - ol -- 1s: -- - 19¢0° pooq
,_. passad0ad 1
{
- -~ | 6086" -- -- --= 020%° 9096 ° -~ - - £0L0° spoo) 3jos 11
- -~ - - 8010° 700" -= - - 1500° €00 S1PI° N w
uojIdN1IV0) O .ﬂ
-
- -- -- -- $590" 010" -- -- - 9L10° 6110° 1adeg pue dind 60
- - - ~~ tiot- fZcu” -- -- -= oot 77L0° $3IDNPpOI4 IS0y RO
-- -- - -- £soc” 7L90° - - -- 9490° 959%0° SI®NIWIYY (O
-- -= - 0000° 1 -- 851 - - 0000°1 - T6LT” N 90
-- - - -~ -- -~ -- -- -- €£00° z200° 13804 1123213 €0
-- -- -- -= -- -- i -- - %€00° €z00° s®) 90 .
-— -- -- -- (41l 7L00° -- -- --= €692° 081 110 €0 “
J -- - -- - LR 132418 -- - -~ 9950° tg€o" M4 pue [v0) 20
- - - -- SOLE” glgo° -- - -- 6L5Y° Séot” AanjIeIan 10
_y . Tpme ewerl Tl r
BIW BN NdiW LN dhin (0] UL ¥ddl . it yJul (1K1 2031038
; ujer) $poo9) pooy Azauynyy s[ejaaey {riog Spouvy povy K1augydey g40dx] 1ev04 T10q
. 1™unsuoy| upean-uoy Avy A0unsug) ST ey 1pucway
! ﬁ L Aary, Liodoary (rug g -~
: T T T e - lf'“th&.ﬂ - TTTTT o s —.—0.7“..— o - —TeT
H - -— RN JUIUU S _— — - —_—
-- (PanujiIuL)) ¢ G-V dyel

s - - g

Y SIS VSO P ER WRNE SO FNIPRGOIN FPSAID U5 WA BRI Y SPUPRTRY 3

R




Iﬂl

——

[FIVV TR §

0000°1

wouo -

oLlio®
06€0°

il

sayourag a0 gy

dpray
pue uolINQI2ISIQ /]

SUOT IBDJ UnEMC)
pue uojisazodsuesl 9y

AINITNDJAIY G

UOTIMNIISUO)D 9T
“d°3°N

‘haisapur (1

pooy
passadoad 21

§poon 1308 11

s{riiaiey
UoFIdNIISU0) QY

Jadeyq puw dingd 60
830npoig ISI103 go
LALEI L L IT ]

AN 90

1am04 23333213 <0
se) 90

1310 €

iedg pue jvo) 70
LBanyieay 10

|

purmoq jeul g

Al
SwII] puraay (rug) 1My

.

(ponugiuv)) ¢C-v

dl

1prday (eayde)

J1
uoyIIN1ISUC)

Kl
Juaudjndl

- 2012338

4o
1uskIseau] PIXTY

/putusq
A1082310) TRulg T~

a2[qey

1~-26




e st

Thus, to relate expenditures to sectoral deliveries, the model's expenditure
concepts had to be linked to the input-output categories.

Primarily this involved the following tasks:

e Removal of turnover taxes from some expenditure components;

e Shift of services which do not sell output (education, etc.)
from private to public consumption;

e Exclusion of non-material components from outlays;

Conversion of trade flows to 1970 domestic rubles.

After these definitions were established, model values were transformed
into the final demand matrix categories and compared with the column
totals for the base year. Proportionality factors were then introduced
into the definitions in order that values would reconcile exactly with
the base year column totals. In most cases the proportionality factors

were not very different from unity.

1. Removal of Turnover Taxes

The model's series for consumption and some public sector outlays are
in purchasers' prices, and turnover taxes must be removed before relation-
ships derived from the final demand matrix can be applied. Treatment
of turnover taxes on imports is discussed in the section on foreign trade
(below).

Turnover taxes are estimated in the model in current rubles. Because
they will be deducted from consumption expenditures measured in 1970 rubles,
the consumption price deflator (1970 base) is applied. Then, the shares of
turnover tax allocated to various final demand categories in the 1966

producers' price table (Treml, 1977--Table 1.2) are imposed.1 The turnover

1 It should be noted that only about 70 percent of total turnover taxes

are passed on to final demand according to the reconstructed ioput-
output table.
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tax for public and private consumption is allocated proportionately
among the subcomponents and eventually subtracted from the model values

for expenditures.l

T v i
e emesim e - e o

1 The shares of the subcomponents in the expenditure total which are
used for these calculations already reflect shifts of outlays between
public and private consumption and removal of non-material outlays
as discussed in the next section.

- -
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2. Public/Private Consumption Shifts and Non-Material Outlays
ﬁ The model data for private consumption of services is derived
ﬁ; from an OER series which includes the following expenditures that relate
: to public consumption categories in the input-output scheme:
| public housing and services health
5 education culture
In the reconstructed 1970 GNP accounts produced by OER, the following
detail is given for consumption of services:1
k. Share (proportion)
x Billions of Rubles
3 Total 52.363 1.00
including:
Trade and Union & other dues 2,092 .040
Housing 3.429 .065 ’
i . Utilities 3.478 .066
Personal Transport 7.200 .138
Personal Communications 1.200 .023
Repair and Personal Care 4.674 .089
Recreation, Art, and
Physical Culture 3.948 .075
é Education 16.098 .307
;Zi Health 10.244 .196
4
i? 1Pitzer, op.cit., p. 25
1




These shares were applied to the model's time series for consumption of
services and the appropriate subcomponents reallocated to public consumption
categories. In the input-output total private consumption column of the
base year, there are entries which were allocated to a private consumption
of services category. These were related to a share of the model's defi-
nition of consumption of services as a fixed proportion of the non-wage

component of this categpory (set at the calculated base year share).

Expenditure components shifted to public consumption matched three
of the four public consumption categories in the final demand matrix.
The fourth, science, banking, and administration, was related to two

model variables--outlays on administration and outlays for research and

development. It was then necessary to calculate the material purchases
implied by each of these four expenditure categories, since wages and
purchases of services by this sector do not enter into Soviet national
income. This was accomplished by applying, in each year, the ratio of

material purchases to total outlays shown in the aggregated 1966 purchasers'

price table augmented with supplementary data (Treml, 1977-Table 1.3).
As indicated above, the public consumption share of turnover taxes was
then removed (on the basis of 1966 proportions) from each of the four

categories.

3. Conversion of Trade Flows

Trade flows modeled in SOVMOD's foreign trade block are current U.S.
dollar values published by OER. 1t was necessary to convert these flows
to 1970 domestic rubles. This was accomplished via a four-step process—-

conversion from (1) current dollars to current foreign trade rubles;
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(2) to 1966 foreign trade rubles; (3) to 1966 purchasers' prices; and
{4) in one step, to 1970 producers' prices (exports are assumed to have
no turnover tax component). That is,

currept $ trade flow
exchange rate

= current foreign trade rubles

current foreign trade rubles
(official Soviet import or
export price deflator rebased

= 1966 foreign trade rubles

to 1966)
(1966 foreign trade rubles} x (domestic/foreign trade = 1966 purchasers'
ruble conversion factor prices
for 1966)
(1966 purchasers' prices - turnover tax) x inflator = 1970 producers'
(imports only) (see text) prices

This approach to conversion employs 1966 ruble values because factors to
convert foreign trade to domestic rubles were prepared by the Foreign
Demographic Analysis Division to relate foreign trade data to entries in

the reconstructed 1966 purchasers' price t:able.1 Figures in 1966 foreign

trode rubles and domestic rubles were published for flows on a 75-sector
basis. These were aggregated to the commodity group subcomponents for 1
exports and imports employed here and foreign-domestic conversion ratios i

derived. The official Soviet indices for prices paid for imports and

1Barry L. Kostinsky and Viadimir G. Treml, Foreign Trade Pricing in the
Soviet Union: Exports and Imports in the 1966 Input-Output Table, Toreign
Economic Report No, 8, U.S. Department of Commerce, March 1976. See
especially Table 12, pp. 30-32. Note 3 to that table explains the inclusion
of arms exports and imports in the MBMW row and their conve sion to domes-:c
values. The domestic value for arms exports indicated in the note, however,
appears to be misstated. It has been confirmed that the co:rect value,
which can easily be determined by applying the methodology described , yas
however, used in the body of the table. These values were also used in
calculating the MBMW trade entires for the base year final demand matrix

in section 5 above.
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received for exports were taken from foreign trade handbooks. The 1966
and 1970 producers' price inflators were drawn from the calculations

described in section C above.

4. Fixed Investment and Capital Repair

Because published input-output reconstructions do not include
disaggregations of the gross investment category, our estimates of the
base year final demand matrix use data from Soviet handbooks to segregate
fixed investment and capital repair from other final demand. These data
are consistent with the model concepts except that previous versions of
SOVMOD only distinguish between investment construction and machinery

components for agricultural investment. As described in section 5 below,

the definition of the total construction and machinery components of
fixed investment is therefore determined by the historical share of the

data series from the handbooks, in total fixed investment for construction,

@ and in non-agricultural investment for machinery plus the model series

for investment in agricultural machinery. The capital repair estimates

are those prepared by OER.

ihakisAnE

5, Final Demand Definitions

Employing the methodology described in sections above, the following
definitions were used to obtain from model variables appropriate estimated
column totals for the final demand flows matrix for other than the base
year (the relations contain adjustments which provide for exact corres- {

pondence in the base year).
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a. Turnover Taxes

Total, 1970 Rubles TT70 = TT/PCD70*100
Adjusted to IO entry, base year TT7010 = 1,007*TT70

Final Demand Components

Total Final Demand TT70I0F = (0,711*TT0I0
Consumption TT70I10C = 0.9008*TT70I0F
Imports TT70I0M = 0.0159*TT7010F
Public Consumption TT70106 = 0.0833*TT70I0F

where PCD70 = Implicit Consumption Price Deflator

TT = Turnover Tax, billions of current rubles

b. Private Consumption

Expenditures in Purchasers’ Prices

Food P.CFPU = 1.01433*P.CRF70
Other Nondurables P.CNPU = 0.91868*P,CRND70
Durables P.CDPU = 0.95651*P.CRD70
Services, Net of Wage Comp. P.CRS706 = P.CRS70-NMG*1282.83*1.0E-06
Services P.CSPU = 0.14305*P.CRS70G
Total P.CPU = P,CFPU+P.CNPU+P, CDPU+P.CSPU

Turnover Taxes

Food P.TT70CF = TT7010%CP,CFPU/P,CPU
Other Nondurables P.TT70CN = TT7010C*P.CNPU/P.CPU
Durables P.TT70CD = TT7010C*P,.CDPU/P.CPU
Services P.TT70CS = TT7010C*P.CSPU/P,CPU
]
!
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Expenditures in Producers’ Prices

Food P.CFPR = CFPU-P.TT70CF
Other Nondurables P.CNPR = CNPU-P.TT70CN
Durables P.CDPR = CDPU~-P,.TT70CD
Services : P.CSPR = CSPU-P.TT70CS

Total CIo = CFPR+CNPR+CDPR+CSPR

where NMG = Employment, Govermment and Services (thousands)
CRF70 = Food Consumption, billions of 1970 rubles, etc.

L e i e gl et il

1 ¢. Public Consumption

qj
:  Expenditures in Producers’ Prices
o
1
‘ | Public Housing and Services P.GPHS = P.CRS70*0.105* 1316)(1518
d 434071373
-0.104*TT7010G

! Non-productive Transport and 4

Communication P.GNTC - P.CRS70*0.161*(1438)(16 8)
' 738071353
‘ -0.133*TT7010G ?
: Health, Education, and Culture P.GHEC = P.CRS70*0.577* 6176 (7405)
- (72158 (6938
‘ -0.507*TT7010G

Science, Banking and Administra-

tion Outlays P.GSBA = (17*P,.BAO/1000+99,27*P,.BRD/

1000)
1430 (4027 - 0.276*TT7010G
G619 (3287
Total P.GIO0 = P,.GPHS+P.GNTC+P.GHEC+P,.GSBA

where CRS70 = Services Consumption, billions of 1970 rubles
BAO = Index (1970=100), Expenditures, Administration
and Other

BRD = Index (1970=100), Expenditures, Research and
Development
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d. Exports

Raw Materials

Machinery

Food

Consumer Goods

Raw Materials

Machinery

Food

Consumer Goods

where PREX9
PTX9

in millions of current dollars:

ERMCM
EFUELDW
EOMDW
EOSC
ETCH
ECUBA
EUSW9
EMACM
EMADW

EARMLDCY

EGRCM
ECOM
EODW

ETLDC

= Ruble/dollar Exchange Rate
= Index (1970=100), prices received for Soviet exports;

1

Measured in Current U.S. Dollars

Measured in 1970 Producers’ Prices

Exports
Exports
Exports
Exports
Exports
Exports

of
of
to
to
to
to

P.ERM = (ERMCM+EFUELDW+EOMDW+EOSC
+ETCH+ECUBA4EUSW9)/1000

P.EMM = (EMACM+EMADW+EARMLDCY9) /1000

P.EFM = (EGRCM+ECOCM+EGRDW+EFODW
+0.7*EODW) /1000

P.EQM = (ETLDC+0.3*EODW) /1000

1

P.ENFR = P.ERM/(PREX9*PTX9/97)* 7000,
(Z736
P.EMPR = P.EMM/(PREX9*PTX9/97)* 1856
—)
1351.1
P.EFPR = P.EFM/(PREX9*PTX9/97)* 742
(315.6
P.ECPR = P.ECM/(PREX9*PTX9/97)* 758

e e

933.4

Raw Materials and Fuel to the CMEA

Fuel to the Developed West

Non-Fuel Raw Materials to the Developed West
Other Socialist Countries

China

Cuba

Unspecified Exports to the World

Machinery Exports to the Developed West

«
Machinery Exports to the CQMEA j
3
i

Arms Exports to LDC

Grain Exports to the CMEA i

Non-Grain Food Exports to the CMEA ;
Other Exports to the Developed West i
Total Exports to the LDC ?

This last factor combines conversion from 1977 foreign trade rules to
1970 producers’ prices and a semall correction to reconcile with the base
year column total.
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e. Imports

Raw Materials

Machinery

Non-Grain Food

Consumer Goods

Raw Materials
Machinery

Non-Grain Food
Consumer Goods

Total

Raw Materialsl

Machinery

Non-Grain Food

1

Measured in Current U,S. Dollars

P.MRM

P.MMM

P.MIM

P.MOM

(MRMCM-+MRMDWHMTLDC+0, 33%#MOSC) /
1000

(MMACM+MMADW+0. 4*M0OSC) /1000

(MFOCMAMCUBA+0 . 3*MTCH+MUS DW9
+ MUSCM9) /1000

(MCOCM+MCODW+0,27*MOSC+0, 7*
MTCH)/1000

Measured in 1966 Purchasers’ Prices

Measured in

P.MRPU

P.MMPU

P.MFPU

P.MCPU

P.MPU

P.MRM/(PREX9*PTM9/94)%2672/2043

P.MMM/ (PREX9*PTM9/94)*1683.7/2731.5
P.MFM/(PREX9*PTM9/94)*1790.8/1124.9

P.MCM/ (PREX9*PTM9/94)*4998.7/1209.3

P.MRPU+P.MMPU+1. 33*%P.MFPU+P.MCPU

1970 Producers’ Prices

P.MRPR

P.MMPR

P.MFPR

(P MRPU-P . MRPU/P.MPUXTT70I M/
0.9456)

*(2§2x
2558

(P.MMPU~P.MMPU/P.MPUXTT7010M/
0.9456

* 1793
1612)

(P.MFPU-P.MFPU/P.MPU*TT 7010M/
0.9456)

* 1741
SYIvwy

The last factor in this, and the succeeding thr.: equations, accounts
both for inflation from 1966 producers’ prices to 1970 producers’ prices

and a base year proportionality ad justment.
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Consumer Goods P.MCPR (P.MCPU-P.MCPU/P.MPUXTT7010M/

0.9456)
*(4808 {3
4786 i
Grain P.MGPR = (P.MGRDW/PWUS*,001)*103%
798
(679’
where MRMCM = Imports of Raw Materials from CMEA
MRM DW = Imports of Raw Materials from the Developed West
MTLDC = Imports from LDC’'s, Total 1
MOSC = Imports from Other Socialist Countries, Total
MFOQM = Imports of Food from the CMEA
MCUBA = Imports from Cuba, Total
MTCH = Imports from China, Total
MUSDW9 = Unspecified Imports from the CMEA
MCOCM = Imports of Consumers’ Goods from the CMEA
MCODW = Imports of Consumers’ Goods from the Developed
West all in millions of current dollars
PIM9 = Index (1970=100), Prices Paid for Soviet Imports
PWUS = U.S. Export Price of Wheat (dollars per metric
ton)
MGRDW = Imports of Grain from the Developed West (current
dollars)
f. Fixed Investment
Equipment P. IM = (P.IAM+(0.0679+0.0806*QLT50)*
P.INA)* l§§99)
18278
Construction P.IC = (0.93461-0.19126*(QSH68-QSH73)+
. 0.54929*%QSH73+(-0.10578+
0.07016*(QSH68-QSH73)-0.16468*%
QSH73)*QLTS5040.01352*Q67 )*
P. ITOTAL
Capital Repair P. IRIO = _,18611%p,ICR/1000
where IAM = Agricultural Investment, Equipment
ITOTAL = Total Fixed Investment
INA = Non-Agricultural Fixed Investment
QLTSO = Long Time Trend

Q67 = Dummy Variable for 1967
QSH68,QSH73 = Dummy Shift Variables, 1968 and 1973

ICR = Index (1970=100), Capital Repair
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E. Other Final Demand Items: Inventory/Residual Equations

By utilizing relationships described in Section 6 over the sample
period, column totals (the Yj) were obtained for the final demand columns
of the B matrix for each year (adjusted proportionate.y to match the totals
of the base year benchmark table). Applying coefficients of the base-year
B matrix to the vector of columntotals, sectoral entries were generated
for the columns. These were summed across each sector and deducted from
the sectoral final demands shown in Guill's series of 18-sector tables
(Guill, 1978) to produce a residual for each sector (termed INVi) which
corresponds to the other final demand item entries in each year. Base year
residuals are shown in Table A~7.1.

For most of the sectors, this item represents inventory change and
statistical discrepancies. That for the MBMW sector other final demand
includes military procurement. For agriculture, the entry includes additions
to livestock herds which is determined in the agricultural block of the
model. This component is therefore deducted before the residual category
is modeled. The construction and MBMW residuals also are special cases and

will be treated below.

Other than the cases of agriculture, construction, and MBMW the residual
item is assumed to be a combination of inventory change and statistical
discrepancies, which might be treated as a function of expected and actual
shipments or production. Setting aside the discrcpancies, relatively simple
models could be used to specify relationships to explain the residuals.

For example, desired inventory stock (INVS*) at the end of a period could be
hypothesized to be a function of expected output in the next period. If

desired and actual stocks were equal at the beginning of a period, desired
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TABLE A-7.}
DISAGGREGATION OF OTHER FINAL DEMAND ITEMS:

A R |

Bt

1966

(Millions of 1970 rubles, producers’ prices)

Additions Unfinished
to Livestock | Inventory Defense Construction
Herds Change Procurement & "Other Outlays'|
Sector ADLVR NIIO DPIO AUC
01 Metallury -610
02 Coal and Peat 131
03 0il -279
04 Gas 90
05 Llectric Power 0
06 MBMW 0 6,638
07 Chemicals 909
08 Forest Products 224
09 Pulp and Paper 0
10 Construction 263
Materials
11 Soft Goods 1,005
12 Processed 481
Food
13 Industry, =385
h.E.C.
14 Comstruction 0 7,254 2
15 Agriculture 1,568 6,136
16 Transport 998
and Communications
}7 pistribution and 710
Trade
15 Other Branches 42
TOTAL 1,568 9,715 6,638 7,254

L This entry is the entire final demand residual for MBMW,

Some share of this

residual should be allocated to inventory change when relating that column
total to the GNP category.

2

This is the entire residuwal for the construction sector.

It represents

in unfinished construction (both as reported in the Soviet handbook and the

portion carried on the books of construction organizations), losses and

construction outlays (such as site preparation) and possibly a military con-

struction component of about 1 billion rubles.
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inventory change would be the difference between desired levels of inventory
at the beginning and end of the pericd, that is:

x = * * = *x
INVS aX + INVS_I Xk

1
INV* = INVS* - INVSt1 = a(X:l - X*) |
Expected output (X*) could be hypothesized to be a function of last period's
actual output, for instance x* = Yx—l
substituting,
INVA = ay(X - X_l).
There could also be unanticipated inventory change which reflects gaps
between expected and actual output during the period. For example, this
component could be hypothesized to be a function of the anticipation error
such that:

INV = -§(X - X*) = -S(X-YX_,).

1

Therefore, total inventory change would be the sumof desired and unanticipated

inventory change:

INV INV* 4+ INV
t u

ay(X - X_)) - 8(X - ¥X_,)

S(y =~ DX+y(a - 6) (X - X_,).

1
This rationale, and that statistical discrepancies might be related to levels
and changes in outputs, formed a partial basis for specifications of equations
estimated to predict the other final demand entries for sectors 1-5, 7-11, 13,
and 16-18. Because there are tendencies over time to reduce inventories in

relation to output, that 1is, to achieve greater efficiencies in use of inven-

tories, time trend terms were included in the equations. Their coefficients,
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of course, also would reflect trends in sector statistical discrepanciles,
Finally, 1967 dummy variables were needed for four sectors to adjust for
measurement problems in that year (cf. section A-3). Results are shown
in Table A-7.2.

For the processed foods sector (number 12), a slightly different
form was selected involving the expected rate of prowth of sectoral output

and change in agricultural output:

6.900
INVI2 = -10.49 + 0.1303*XIOPF + [%%%%ETZTT (1.25)
(=6.47)  (5.46)

+ 0.0768 (XIOAG - XIOAG(-1)) - 3.3490*Q69

(1.25) (2.51)
where
Q69 = dummy variable equal to unity in 1969 and zero in all other years
R = 0.800
DW = 1.80

The residual for 1969 is removed from the sample period by use of a dummy
variable; unknown influences caused an unduly large negative unexplained
residual in that year.

In the case of agriculture, the net additions to livestock are
removed from the residual, which is explained by the change in gross value
of output and weather variables.

RESID15 = 1.2514 + 0,2921*(X10AG - XIOAG(-1)) -~ 8.5916*JPS9

(2.81) (4.15) (8.49)

+ 3.2407*%JPW9 ~ 9.0452 *Q75
(2.76) (-5.37)

where
R% = 0.920

DW = 2.80
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Table A-7.2
ESTIMATED EQUATIONS FOR "OTHER FINAL DEMAND" ITEMS (INV),
SECTORS 1-5, .7-11, 13, 16~18

INV, = a +a, * XIO, + a, * (XIOi - XIOi(-l)) + a, QT50 + ag * Q67 + ag * Q69

i 1 2 i 3
R DW
SECTOR 3 2 %3 i) s R
Metallurgy 01 0.4141 -0.4150 - 0.6434 -2.0628 - 972 2.59
(0.581) (-2.30) (1.91) (-2.52)
Coal and Peat 02 -0.6962 0.4518 -0.0763 -0.1943 0.3033 -0.1205 .992 2.05
(-1.27) (4.88) (-3.34) (-9.96) (-2.72) (1.30)
0il 03 -0.7347 0.0415 0.4873 - -0.1254 - .958 1.65
(-9.11) (3.72) (7.40) (-1.25)
Gas 04 0.2464 0.2706 - -0.0249 - - .699 0.68
(3.22) (4.93) (-4.21)
Electric Power 05 1.1018 0.3961 -0.0261 -0.2521 - - .984 2.74
(7.67) (15.19) (-1.22) (-12.35)
Chemicals 07 -0.8036 0.1244 - - - - .983 1.79
(-8.50) (23.99)
Forest Products (8 2.9953 0.5530 - -0.5958 - - .965 1.93
(9.05) (6.58) (-10.15)
Paper and Pulp 09 -0.0577 0.3563 -0.1639 -0.0317 - - .986 2.13 '
(-1.08) (12.70) (-3.54) (-5.23) ]
Construction h
Material 10 0.9913 0.0216 - -0.0588 - - 973 2.14
(17.13) (1.66) (-4.79)
Soft Goods 11 3.9836 0.3943 -0.1761 -1.1517 0.8968 - 679 2.67
(3.21) (4.89) (-1.28) (-4.40) (1.27)
Industry, NEC 13 2.5419 0.8139 - -0.4878 - - .953 1.99
(9.14) (12.94) (-14.24)
Transport and
Communication 16 1.5343 0.2606 0.1234 -0.2151 - - .823 1.78
(6.90) (4.08) (3.09) (-4.08)
Trade and
Distribution 17 0.2606 0.1272 0.3923 -0.1550 - - .545 1.19
(0.56) (0.63) (2.70) (-0.73)
Other Branches 18 -2.0847 1.3678 -0.3172 -0.1777 - - .990 1.65

(-3.18) (6.81) (-1.86) (-26.99)

Where INV1

X10i = gross valuc of output, sector i

QT50 = time trend
Q67, Q69 = dummies for 1967, 1969

t-statistics appear in parentheses

other final demand items, sector i
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INV15 = RESID15 + ADLVR

where JPS9 = Sum of deviations from monthly precipitation value
JPW9 = Winter precipitation index

Q75

Dummy for 1975

ADLVR

Net additions to livestock herds

The two weather indexes are used in the agricultural block of the
model to explain deviations from normal agricultural output. Here they
can be scen to represent the source of unintended inventory accumulation
(decumulation) in the agricultural sector. The 1975 dummy represents,
as it does in the agricultural block, a deviation from normal behavior
that is not explained by the weather. This is most likely associated
with organizational failures in the supply of materials and services
to the sector (transportation, spare parts, etc.).

The construction residual includes change in unfinished construction,
losses, and "other construction outlays" such as for ground preparation,
etc., as well as change in stock of work in progress and other items on
the books of construction organizations. The change in unfinished
construction as reflected in the series in the Soviet handbooks and the
"other" component are explained separately and removed from the residual.
The residual is then explained by the change in gross value of construction
output and a time trend with shifts provided for in the slope and inter-

cept due to apparent changes in price regimes.

change in unfinished construction

UNFINC = 3.5226 + 4.7863*%(QSH68 - QSH73) - 1.2129 * (XIOCM

(3.56) (5.69) (-1.53)
=XI0CM (~1)) ~ 1.1473*%JPW9 +2.7417QSH73 - 1.7600*QFYP
(-1.23) (2.48) (-2.26)

R2 = 747 DW= 1.79
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QSH68, QSH73 = Shift Dummies for 1968, 1973

QFYP = Dummy for effect of five year plan cycles on project
completion

This specification primarily reflects the changing relationships
between the volume of project starts and project completions. The
change in output of construction materials reflects both changes in
planned demand and actual availability of materials. The five-year
dummy variable represents campaigns to complete ongoing projects before
undertaking start-ups, usually associated with the end of one plan-
period and spilling over into the beginning of the next. The weather
variables reflect delays in the construction process due to adverse
climatic conditions in the winter of various years.

Other Construction Outlays

OTHERCON =2.1757 + 0.1035*%*X1I0CN + 0.1887*QFYP
(-14.25) (43.11) (2.48)

R% = .993 DW = 1.19

Other construction outlays are explained by the level of construction
work and the plan cycle.
Construction Residual

RESID14 = -0.6874 + 19.8469%(QSH68 - QSH73) + (0.3757 + 1.0867
(-1.24) (3.38) (2.79) (2.22)

*(QSH68 - QSH73)*(XIOCN - XIOCN (-1)) - 1.3477
(-4.77)

*QSH68*QT50 + 2.4096 * Q73
(2.03)

R2 = .931 DW= 2.43
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where

XIOCN = Gross Value of Output of Construction
Q73 = Dummy for 1973
Other dinal Demand Items, Construction
INV14 = UNFINC + OTHERCON + RESID14

The residual for Sector 6, Machine-building and metalworking is
hypothesized to contain military procurement of durables. As data for this
component, a series developed by Professor Stanley Cohn for military

durables procurement from machiney production and sales data was used (see
Table A—7.3).1

Military Durables is now an analyst determined target:
MIMIDPD = EXP (DELRAMD + ZETAMD + QTS50 + LOG(ETAMD));
It is not adjusted by the balancing system; it is a firm target. The
remaining Sector 6 residual is determined in an equation similar to the

other sectoral INV equations with the addition of first and second-order

autoregressive temms.

Stanley H. Cohn, Estimation of Military Durables Procurement
Expenditures from Machinery Production and Sales Data, SRI Informal Note
SSC-IN-78-13, September, 1978, p. 16 (column (2) O.E.R. series). These
are in current rubles. Treml’s MBMW price index was used to comvert
them to 1970 rubles.
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1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975

Other Final
Demand Items

Table A-7.3
Disaggregation of MBMW

Other Final Demand Items
(Billions of 1970 Rubles)

Midpoint, COHN
Procurement Series
1970 Prices

MBMW INVO6 MDMIDPD
2.365 5.0
4.524 6.1
6.753 5.5
6.623 6.3
5.815 6.5
6.634 6.1
8.948 7.1

14.136 2.0
14.975 8.8
12.607 10.0
12.030 12.3
12.468 13.1
18.042 17.3
20.211 17.2
20.725 19.8
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Residual

RESIDO6
-2.64
-1.58
1.25
.32
-.68
.53
1.85
5.14
6.18
2.61
-.27
-.63
.74
3.01
.925




1
.1
1
g
i
e !

) T

RESID06 = -1.8209 + 0.2681 *(XIOMB - XIOMB(-1)) + 1.0356

(-2.49) (3.32) (6.45)
# RESIDO6(-1) - 0.4784 * RESIDO6 (-2) + 3.1648 * Q68
(-3.17) (3.10)

R%2 - .883 DW = 2.65

And thus:

INVO6 = MDMIDPD + RESIDO6
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F. Reconciliation of Model NMP and Input-Qutput Concepts

The model predicts a net material product (NMP) concept from the
sector-of-origin side which excludes nonproductive services that do not
enter into the Soviet national income account. This concept (model
variable GNMP) can be reconciled with the input-output based concepts
defined for the final demand matrix column totals. Such reconciliation
not only helps to provide better understanding of the consistency of
sector-of-origin and expenditure accounts, but also allows for the possi-
bility of predicting net material and gross national product (GNP) from
the demand-expenditure rather than the supply-production side.

For this purpose the model's detailed end-use categories adjusted
for turnover taxes (those related to columns of the final demand matrix--
see section 5) were summed for each year. (Proportionality adjustments
should not be and were not applied). The sum is final expenditures
(NMP-based) except for inventory change, defense procurement, and statis-
tical discrepancy items. That is:.

NMPEXC = CGIO* + GSBA* + IM + IC + IRIO + ERPR* + EMPR*x +
EFPR* + ECPR* - MIOQ*
where

CGIO* = public and private consumption, unadjusted
CIO + GPHS + GNTC + GHEC

GSBA* = state consumption, unadjusted expenditures on science,

banking, and administration
IM = fixed investment, equipment
IC = fixed investment, construction

IRIO = capital repair
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ERPR*, EMPR*, EFPR*, ECPR* = exports, unadjusted
MIO* = imports, unadjusted

To relate this sum to the NMP measure in the model, the latter must be

adjusted so that they correspond conceptually. NMP in the model contains
turnover taxes and is net of depreciation while the above expenditure
variables and those in the final demand matrix are gross of productive
depreciation and measured in producers' prices. Thus, the residual of
the model's transformed NMP and the above expenditures can be written as:
NMPRES = GNMP -~ 0.718 * TT + AMOR - NMPEXC
where

TT = turnover taxes (the 0.718 coefficient reflects the pro-

portion of these taxes passed through to final demand)

AMOR = productive depreciation (amortization deductions)

Similarly, there is an unexplained residual of total final demand in the

B flow matrixes over time:
sum of final expenditure itemf (except "other"):
FEXC = CIO + GIO + IM + IC + IRIO + ERPR + EMPR + EFPR
+ ECPR -~ MIO

total final demand:
G = Zi Final Demandi

final demand residual:
FRES = G - FEXC
See Table A-8.1 for these data.

These two sets of residuals are then related in a stochastic equa-

tion which allows for a shift in price regimes in 1969 and contains a dummy
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L. Alnl ai

variable for 1973, Note that the additions to livestock component is

removed from both residuals.

NMPRES - ADLVR = 4.0824 + 0.2604 * (FRES - ADLVR) - 3.7805
(1.64) (2.44) (-4.76)

* QSH69 + 2.4622 * Q73

(1.35)
R = .702 DW= 1.08
where
QSH69 = Shift variable for 1969 on
Q73 = Dummy variable for 1973

This relationship could be used with other equations of the model

expenditure-final demand linkage to permit NMP expenditure determination.

That is, with . hats denoting model solution predicted values,
NMP = NMPEXC + NMPRES
where

NMPRES is predicted by the stochastic equation with FRES
= ZiINVi (i=1,18 sectors).
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APPENDIX II

SEMREC3 SYMBOL DECLARATIONS
AND EQUATION LIST

1 EQSs Function

{" ‘ 1-91 Definitions, Miscellaneous

; 92-139 Labor Allocation

— 140-157 Agriculture Block
158-161 Output Indices
162-188 Investment Block (branches & sectors)
189-214 Capital Stock EQS
215-278,422-423 Wage, Price, Govermment Revenue '
279-329 Foreign Trade Block 1
330-333,424 Consumption Block
334-337 Aggregate Identities
338-402, 425~-429 Energy Block
403-415 Production Block
416-421 Investment Block (aggregates)
430-445 Linking Bquatioﬂs
446-497 Final Demand Definitions :
498-528 Other Final Demand Components
529-546 Uses of Sectoral Outputs
547-564 Sources of Outputs for Final Expenditures 4
565-577 Balances 1
578-614 Ad justment Equations ‘
615-650 Translation of Adjusted Final ‘

Demands into Model Categories
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LMabzLe

EMDIRENN
ADLYE
ErdAi e
CRHIOTV
EFODI
SN
EFEEL
STCM
FINT
BIES
1IFM
IHW0Z
I s
iTonT
FICH
KIFFM
Lot
[ghta} O
Mrs It
MTH10
2115
MHA1RPF
nTHER
F.. ETII'
FoiTh
2o HM]
F.HM3
F.=10
F. 510
=D
TOZZ
UELAG
HELFPF
LI_FP
UTFTO
WASME
AR
HELHF
=1gee
#10F™
AJFF
ATCOF
ZMFR

CLIREENT

RN
EEDVN ALY RLVETOD AVWCFRFO BAD EAQ  EDT  ELTFO BF  EGH
‘I BRET BREZIDOe BID BTFAM  CIFF CFRPR CNFFP CRDTO  CRFTO
o CRIF0 CRYO CIPR OECOCM ECPF ECUES EFEECD EFEEGA  EFEED]
EFFF  EFFICDO  EFFWEA EFFWDI EFTEF EFUELDK  EGRCHM  EGRIN ENMRCM
EMFER  EMETCM  ENETDWM  EHETGER  ENFD  ENFRMCM  SDING EOMOW  EQZC
N EFEEGR EFEEDI ERMCM  EFPPR ETHIAC ETRIAM ETHINR ETAMD ETCM
ETIng  ETLDC ETW  ETWFN FCOREF FDEET FDHC FDEF FGOLDD  FGROLDT
FHETHC  FITE  GEUZHM  GHEC  GMMP GHF GNRA GHFNA GNTC  GFHE
HETOT IR I&T 1AM IC ICP  ICRUE  IHT TICH IICM IICP 11ER
IIFF  IIME IIWM JINF IIPF T1IFPF II35 IM IMR  IMY01 INYOZ
1MW g IMYOS  THWO7  TTNY OGS TNOS INYIO THv11 InW1E INWLE
Iy IMv1s IRIO ISER ISVOMTS  ISTOT  ITOTARL  ITRUE  I70GNTA
ERIFR EALTO WIOM  kCF KELPC wELTETE KELTFC YHA KHEF KIR
EICHW WITHM FICP KIER EIFM KIFF KIME  KIMEM KIFF KIPF
KIZa KITOT el EWNEWMOD «REFOD ®ZER  EZUMDLD ETR  ETCUS  KTP
Loz Lox o oLasg  Los  LOF Lz Lod L10o L1l Li& tid4 L1S  mohomM
MCFPF MCUERA MDMIDFD  MFOCM  MFRPE MGFR MGRLW MIECH  MMSCM
MMFRE  mrdGht MOSC MRMOM MEMDE MEPER MTCH MTCM MTIng MTLDC
0% MTMIZos MTIR MTWY0 NACOL  NARFEY HAT0V NAT HIET  HWMD HNMF
MMI 0 HIoH HMICH NMICFE NMMIEFP HMIFFP NMIME  HNMIME  NMINC NMIFA
HMIFE  MHMIZR WHMMHA HMO NMPRES HMT NMTC HRPOPRE NRPDORD NTIFRR
COM FPJLEAD FLERD FP.CEDVO PLCRFFO FOCRRIDTO PLCREITO PLCETO
F.ETWVOD POIA FJIARC FOIAM RUICR PJOINAR FUITOTAL  F.MTH
TO FP.MHAST P, MM FPNMF P HMS F.HMICH FPONMICH FOHMICE  F.HMIEFR
FROPLHMIME FPoMMIME S FLOHMING FPOMMIPA F.HMIPF PONMIFF  FPOHMIZGE
Fo.Huz PoHMTC POEIDORG P.xIOCH  FPOAIDCM F.x1OCH FPOXI0CF
FFR o FP.210G8 FPOHEIOME FP.=10ME  FPLAIONC FP.IOCOER F.2IDOI F.AT0FA
FFFP.IOZS PRFCPO FCDTN PFCC PGHFRF FIA FIC FIMT FII FIRFTQ
SIT  FIWLV PHFFOD  PRC REZIDODE FREZIDI4 REZIDIS TRXES TIDF
TRO® TR TZD TT LUCD  OCORF UCOKE  UCOMF  UCONT  LICOXELTPR
UELCH  LELHHM UELIN  UELDZE UELTR UF  UFEF UFDIRECT UFLPPNT
T UFME  UFTE UFT  UFHELTR  UGA  USAEF  UGANT  UGH<ELTF  UHFF
LILFFMFE LNFEIHC URPEF URFPHT  UPPRELTE  UTFHHM  UTPIND  UTFLOST
T  WASH  WARGCH  WAGCKM WAGCON  WAGCF  wWAGRE  WAREEF  WRGFM WRGFF
LIRHGFA WASEF WRGEH WAGTS WARSTD W&E WSS WS NeS W] W WTC
ARGDY  SAGIUM XSETN XAGTFO XAM XAN  XAMIMFLD SCROFPFO HELRAF
HELF HELTR  HGR HMGRFK  XGRT  HGRTH  I0DAG  HIDCH  =10CM XI0OCH
STO0T  AI0EP XKIOFF HIOGA KIDME  SIOME  <10NC #<I00R 1001
A10FF @106 XI1IOTC  MMEATYO  xOCH  ROCM  <0CH  <O0CP  <XODT  <DEP
sOIHW =OME HOME  XOFPA X0FF  XOFF =035 xXDsY =0T X=TCaF
EL XTSAN HTGRAMEL YTOIP  xTDIFEU XTPTETS ZDT 2070 26W  ZIKVFO
ZP5 2ZAG 2TD 2Te  Zik ZhuM
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SR INITION:
E.I11 E.INY1E E.IMW1Y CDFL CFRPU CIO CHPL CREFOS CEZFU D, BDMH9
D.EINH35T  DOEDZRS DJIFTRS3  D.wRk DoWI DX D,XAGTFO D.XIH DLHILY
D, D.ZRE DHWAL DHWAS  DEITOT DETF ECM EFM EFUJELCM  EFUELEE
EFLZLRPW EMM EFRIND O ERM O FREZ FO1 FO2 FOR FO4 FOS FoOoe FOP  FO=
Foas Fi1a Fll Flz F12 Fil4 FI1S F1le FIT7 Fi1g G0l G0z 6Box &G04
0% ade SO07 Go3 S0% /10 611 12 61T 614 G1S 51 IV GlE
W 0Ds IHY1e INIS MOM MOFL MFM mMFPLD MINFUTAS MINPUTCH MINFUTCHM
MINFUTOH MINFUOTEE MIHPUTME  MINPUTME HMINFUTHC MIMFUTOE MINFPUTPA
MINEOTRE MIMPUTZE MINPUTTS MIO MMM pMPL MeM MREFL MASE NTNEC
HTOTAL DBUTPUTHT P CTOFR P.CIFU F.CFPR FPOCFRU F.CHFR PLCHPU PLCRU
FLCRETOS RPOCIRR O POCERU FLECM FLOECPR F.EFM F.EFPR  F.EMM  P.EMFR
F.EFRM F.EFFFR F.BHEC P.GRI0 F.GNTC P.GPHE P.GEEA F.IC P.IM F.IRID
F.riZM S MCFF F.MCPY P.MFM F.MFPR FOMFFLD P.MGFFR P.MMM F.MMPE
BoME= FPOMEL FoMEM POMERPRE FOMEPL PLOTTPOCH POTTFPOQCF PLTTRUCN
FTITPDCE  REMATIR RBEWNCOM  REHIC RBEMDH REHDL REMDT RENICH  FRENICHM
FEHICE  RENIEFR  BEHIFM REMIFP  REKNIME  FEMIFF  REENIFF EENISG  FENIEER
Fr1lRie  Red1cod PEMHIDEC PEMIDH S REHIDT RENITT FEHIICH FEMLIICP
FEHIIER  FEMNLIIFM  REMIIFP REMIIME  FEMIIFF RENIIFPF FEM1IIZGS  FENSRIF
FENHZCTOM BEHZDA REMEDT RENSDT RENSICH  FPENZICM RENZICP  RENSTEFR
BrHIIFM  REMZIFF  REMCIME  RENZIPF  BENMSIFF  PEMZCOM RPEHEDI BRENZICH
ERHITOM *EHIICF REMIIER REMIZIFM  FEENIIFF RENIIFF EENITER  FEN4DI
FEHATCM REMNAIER REM4IZER  REMSIER PFENSTER TPRIMD TTFO TTPAIO0
TTFaIgs  TTIVEN1OF  TTIA0I05 TTFOIOM LUTRF  WZiaMI  WSuMlt  =0FPPEU

LADLYE  ALAFEEDY  A.AYCPFTD ACEBAD ALEF ALEGN ALEMALE ALBRES ACEIC
LETRAM S, ECOCHM ALECUEA R.EFEECD HA.EFEESA R.EFEEODDI  A.EFODN

LEFFWCD  ALEFFWMGSA ALEFRWMOI ALEFTEF ALEFUELD R.EGECM  A.EGRDW

CEMACHM  ALEMADW ALEMFDN R ENFRMC AL.EODW ARL.EDMDW A.EDZC A.EPEECD
.EFEERH  H,.EFPEEODI FA.ERMCHM A.ETCH A.E. DM ALETLDC ALFCREP AJFDER

A, FINT S.FNETHC AV ICR RJOICRUE AGLIHE ARJIICH A.IICM AJIICFE ALIIEP
A.IIFM A.1IFF A.IIME A.IIM R.IINF R.IIFF A.IIPP AJIISG A.IZER
A.ITRLUE A, IFPONTS A IFOT ALEPIR R.ECDOM AHJ.KCR ALEELRPC  RA.KHA  A.KHEF
A FTAR AJKTICH /R ICHE  AKICM R.KICE A.EIEF ARKIFM ALEIFF A.OKIME
A,y TMEM ALKIFPF R.EIFF AWKIFPM ALEIZG ALEITOT  &JKIM A, ENEWDT
ALYREFOD AL IZEF ALEIUMOL ARLETA ALETOUE ARJETR A.MCOCM A, MCODN

A

S

. O IS (e (e (O

LMTUEA AJMFOCM HOMIECH S ACMMACM ACMMADY . R.MOSC ACMREMCM AL MEMDW
AH.ATOH ACMTLDC ACMTMION ARCMTMIZ0 ACHIET  ACNHTEPA ACPAFCTO ARJOFCDFO
ALEEHE  ALRIR A.FIC AGFIHE RLFID AGPIRF?0 AGFIS AGPIT  ALPIWLTQ
AFPHETH A, TDF ALTOZS AJTROP ALTID A.TT  ALUELCN AJUELHHM A, WAGA
A, WQE0H AJHSCH AL uRGCOH RUWASCE AUWMARGSE AL WARSEF AJWMAGFM A, MAGFF
A WASHME  AJWESFA AL WRSPF . RJMASSE ACWMAGTC ALGWMAGTD AJWARK ROWAS /. WC
A3 [ WMT S.a3 A WTE AJKACH ACXARTN ACXRGT?0 AL XAM AL 2AN
A EAAMIMT AL ECROPT ROHEGR ROHGREPE ALKGRT  ARJNGRTH ALXMEATT &, X0OCF

0t A, 2401 RO=OFPF A.XDO3Y AJXTCOP AJXTEAN A.XTOIF A.ZDT A.Z6W
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HIT09
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HMMSE
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IFITS
FASESLO
EAFFALS
FAFPHTS
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H.DFG
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S0i1E
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Anzic
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HOSNe
HOS1E
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RS2
ADTL0
HOS0Z
ANsLe
=HOang
HO91 g8
SRS
q101e
AL1O2
1112
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q1z218
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H1E13
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b RFFA

ERPFS

HERA

EARPFAT

A.ZZAG  RAIGERY AQ0IO1 ANL0N2 AOLOZ ANLNd ROLOQS ANLOE
AL AN110 ANL11 AN11E AO11Z AO114 ACIIS  AOLLE
A0l ANz0nz ADSO: ADZ04 AODZ0S  AD206 ROSOF  ANZO&
ANZ11 ROS1E ANS1Z  ANZld OIS ANS1E  AOSL1?  AROCLE
HOZ0Z  ADZ04 AO3I0S AQZ0e AOZO? ARO302 AONZ0% AO310
ANZ1Z AD314 AD3IIS  ANZ1e AGZL7 AOZ1E  ARO401 AO4D2
AN40S  ANdO0Ee AOG07 ADG0S /O40%  AN410 AO411 AO4L1E
Qnd41%  ANdlEe ANGIT AD41S ANSO1 AOSOZ2 AOSOZT AOSO4
AOSO7T /OS02 AOSOD ANSTIO0 ANSLY AOS1Z2  AGS1IZ ANS14
AROSI?  ANSLIE ROS01 AGEDS AOE02 ADENd  AOSO0S  HOGSDE
MO&0%  ADS10 AT A0RI2  AOELZ2 ANS14 AOSLS  ANGLE
ANTOL AROFOZ2 AOVOZ AROT04  ACRTOS &OTO6 AOTO7?  AODPOZ

ANT1e ADNFIZ AO714 AROTIS AQPLE  ARGFTLI? RAOTLR
ANSNE ARR0NS ALZO0E ANS0F7  AOS0S AOS09 ROZL0

; ADS1E "/OS1S ANSLe  ADNSLT  ARCSLS AODS0L A0SO
ANSNS  ANGDE  ADINT  ADS0S AO90S  A0R10 AOR11 AU
RIS RO91E RORLIT A0z A1001 ALODZS RIODZE  A1OO4
Arany? AR1002 A1009 AIDIO AIO1Y AIOIE ATOLE: ALOld
117 ALO01E RI10T AL ARIL0Z A1104 ALLIOS 1104
S110% ARIL10 AITL1 A111E2 A1112 A1114 AL11S RiITLE
H1Z01 ALAO0Z ALIZ0Z AI204 AIZ05 A1208 RLIZ07 A120%
91211 A1Z2iz ARIZ1Z RI1214 AIZ21S RAl21e ALZ217 Al2is
1303 A1Z04 AHIZ0S AI20e ALIZ0F ALZ0S A1Z0% §1210
H1Z212 A1Z214 AIX1S A1318 RALI3IT AIZ1Z2  Al401 R1402
A140%  Al40s A1407 RI402 /1409 H1410 A1411 A141c
AH141%  RI41e AI4IT Hi1412 RISOL ALSHES ALSO0E A1S04
A1S07 A1SO0S AT1S03 AIS10 RIS AIS1Z2 A1S1E: ALS1e
A1ISIT A1S1Z AL1E0D1 MALI&0Z ALEO3  ALEeod HIEDS  RL1&DS
H1en3 ATEID Alell  M1&1Z2 A16132 A1E1d ALelS  HIGLE
AIF01 ALTOEe  ALIFTOZ ALI704 ALIPOS ALTOE  ALTOP ARLTOS
A1711 Q1712 AIFL1IZ A1714 AL171S ALTIE  ARITLIV AL71E
ALZ02  AL204 AL209 ®RIS0E ALSDY ALSGEZ R1S209 RIS1Q
A1212 FA1Z214 ALIZ21S A1216e RARIS17 A1£18 BDNS  BORS
TAD EETRAF  EBETANMD EBETAZ CMCDES CMCOTS  CMSHES  CMGATS

DEAR  DELHMDS DELTRIAC DELTAIARM DELTAINA  DELTAMD
DeCR DFHEF  DEIA DEICH DEICM DEICF DEIEF InIFM
DEIFF  DETRF DEISR DRZER DETR  ERRMLDCS® EGRLDCS EPEF

EPFWMOT ELIZCMS EUZWD FODRS  FGTALE  FIZERS  GAMMAD
D GAMMARE HFTHA TFTR9  I0OTAREAD IOTREFD  IPFLDRLIG  IFRAQ
IeRCFa IFERPS  IRFMS IRFFPS IRICS  IRIMS IRII® IRISS
IRHFS  IRFPFS  IRFPO  IRSGY PSS JPWS  JTWS KAPPAL
11 w«RPFAle FAFPPALZ KAFPAI4 KAFFAIS KARFPALEe KRPPALIT
19 KAPPARZ KAFFAZD FKRPPAZ1 FKAFPPARZ22 FKAFPPAZZ KAFPPAZ4
&6 YAPPRAT  KAFPPAZEZ  KAPPAZS KAPFA2 KAPPA4  KAPFRS

ERFPPARS  KAFPAY KELAPCY KELHFCS KIHEZ? KITSE9  LOS
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L1320 L1 LI7 Li1g L0 MIEIMN MUSCMS  MUSDMS  MUL MU0 MUl mU1g
MUTE MUbld mMUtS MULE MUIT O MINE MUIS mMU2 mMUZ0 Muel  Muzz MUz
MUS4 MLZS MUZE MUZT MUzE MUES MUZT M4 MUS mMUs MUF mMus (MU
NEINDS  NETRAS HHRIND HNMD®  NFOFRES  HFOPS  NUEARO HUEBRD  NUES
F.M5RDW FPETHUZ3  PELHUZS PEZHLIES  PEIHUZS  PE4HUZT9  PFLUHUSS  PROLDS
PER?  PEYOAG PEYOCH  PEYOCHM  PGYOCH  PGYOFF PGVYOME  FGYWOME  PGEYONC
F&YO0OE  PGVD=A  PGMOPF  PEYOSG  PEVOTC  FIMHFTO  PMIDWS  PMIHUZS  PMITW9
FrZHUZ2  FMIDW3 FPM2HUES  FPM4DWNY PR4HUIES PREX9 PSI1 PSII0 FZEINL
PIIl2 PII1Z PII14 PIIES PEILe  PIIIV PEILE® PII19 PEIZ PEICO
FRIZl PEIZE PRI OPIIEZ4 FEIZT PEI2E PEIE?  PiIgk PEIE9 PSIZ
FEIS RIIS PIIe FIIV FIIE  FSI9  PIUGIUS  FTHMEGTCS FTMS FTXS  PULID
B YFPOGLIM BLTESE GLTSO0 QPLS OPRET  OoLTe2
TS0 S GITHAREIH  OTHRS  GEHT1  GIHTISH  OIHPZ2  GIHTZ
TS0 nl: Eles (5164 Q61eS QB2 082 (E4ES
- @EETE @ET  BETEH QEPES RETTYO Q6E

L) ITO QFITE QTR OFEV ¥4 VS BOYEVE  RHDL
FHD11  RHO1e PHO1E FRHO14  RHDIS RHO1E  RHOLI7  FH01S FHO19
FHOZO  FHO21  ®PHOSz FHOZ: FRHOS4 PFPHOSS FRHOZE FHIEF  FHO2ZE
' FHOZ PRHO4  RHOS FHDE FHDT  ®HO2 RHO® RHRELES FRHTGAN  RXTOIF
TIGMARAD  ZIGMARERD  THRU1  TRUOD TRU11  TAUte TAUIZ TAUl4 TAWS
TAU1:  TAULIV  TARU1E TARUIS TAUZ TAUZO TAUE1 TAUZz TAUZ:  TAUSY
TAUES  TabZe  TRUZF  TRU:T  TAUZY TAUZ TAUY TAUS TALL  TAUT  TaLs
TAk TRAS TDUESS  TINIAD UGRFZKS UHPRFIKS  UHPEMFS LLPRPFIZES WGYDAG
WELIATY WM WEYOCH WayOFF WiEYDME  WEYOME WGeYOMC WEVIOE  WGEWOFRA
alpWDRF WSO T5 WEWOTC WILDCS  XELPCTLS  KGOLDTS  NERCHS  HGRMED  HILGS
ATEZECS  YWOMERS  ZETAIAC ZETRIAM ZETARINA  ZETAMD ZPCPe® ZWRIFFS 201

Ine ZO07 Zoe Zoa Z10 211 212 Z14 215 220 Zee Zex o4
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MONDEL: CLIBRENT

1: MINZLUTHD == (A 1I3+R0Z1Z3+ADZ1I3+A04 1 3+A0SI S+ANS 1 3+A0F 1 34+A0S]1 3+
ANSLIZ+S10134A1112+A1S 1 3+ATI 31 I+A14 I I+AISISHAICIZ+AITIZ+AIS1 0 @
H10OME

=H MINFUTOE == (AN11S+A0OZ1IS+ANZIE+AN4IS+ANSIE+A0EIE+R0T1I2+A0S IS+
ANIIE+HTINIS+ATI11IS+AIZIS+AIZIE+AI4IS+AISIE+AICIS+RITIS+AIELIE0 o
#=100F

EH MINFUTAR == (HOLIS+ANZ1S+ADZIS+AN4IS+RISIS+ADSIS+ANTIS+ANS 1S+
ANIIS+R101S+A111S+A1Z215+A1 31 S+A1415+A1SIS+RIEISH+ALITISHRIEIS @ :
“T3AG ;

43 MINFUTHME == (SA101+A0Z01+A0301+A04014A0S01+ANE01+ADTAI+ROS01+

ANA01+A1001+A11014A] Z01+A1Z01+A1401+AISO1+R1E01+RITOI+AL1ED1) @
#I1IME

= MINFLUTHME ==
ANINE+R1O06+A1 I QE+AIZUe+RIZOE+R1IGNE+RITOE+AI A NE+RIFTOS+R1Z0EY 1
=10ME

-
‘ = MINFLUTCH == (ROIDF+HNSOF+R0ZOF+AIIO7+R0S07+ANE 07+ROTOT+A 0207+
- ATIOTHATOOF+AL L OT+R1ZOF+R1IZOF+A140F+RISOT+AIENT+HRITITHRAIZOF &

. #100H

) Ve MINFUTFR == (RO1OS+S0S0S+A020S+A 04 0S+R0SOS+A0E 0S+R 0T 0S4+8 03
“ ANIGI+AT0AZ+R/1 I QS+8120S+R1Z05+R14N02+A1S0S+A1EDS+9]1 T OS+A1 R

f #10FF

3 =H MIMEUTRPA == JA01DS+R0Z09+ANZNI+ANL DA+ADSO0S+ANEN9+AGT BI+ANZ 03+
1 AOAGA+A1 003+R1 1 A94+R1209+A1 203+AR14 09 +R1S09+R 1S IS+RITNA4+/R1 8000 ¢
! =JDFA

cH MIMNFOTCH == AN 0+AO210+AR0Z1 04+A04 1 0+AO0ST O+AOS L O+AROT I O+R031 0+

ANAIO+EI010+81 11 04+R1210+R1210+A14104R1S10+A1E1 048171 0+R1S1 0 e
X100

1 101 MIMFUTEE == CAOITI+AOSTI+ANITII+R0411+A0S1 1+AROSTI4AOTII+ANEI 1+
4 ACF11+A1011+A1111+R1211+91 231141411 +R1S11+A1611+R1ITII+R1E1 10 e
# AI13ES

i

11: MIMFUTEF == (RITIE+RNSIC+ANIIS+AMSGIZ+ANOSIE+ANEIS+ROTIC+ANSIE+
ANHIS+ALINICH+RTT12+AIZIZ+AIZIZ+A141E+AISIZ2+RAIB1Z+AITIZ4HARISIC
“10FF

= 122 MINFUTCH == (RO114+RN214+A0214+A0414+R0514+A0E144+R0714+ANRT14+

: AOS1A+A1014+R1114+A1214+A1214+A1414+R1S14+H1E14+A1714+R1IS 140 ¢
: “100H

:
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MINFLITTC == (RO11E+ANZ1E+ANIIE+AN41E4+ANSIE+RILIE+ANTIEHANS 16+
ANFIE+ALOLE+ATI 1E+RIZIE+A1IZIA+ATIAIE+AISIEG+RIGIE+AITIE+AIELE o

#»1aTc
- 143 IKITOT == C(DHICHeEICH+DHICHMek ICM+DK ICFek ICP+DK IEFeKIEF+TIIEIFMe
| KIFM+DE IFF ek 1FP+0k IMEeK IME+DK IFF ok IPF+DE IFF ek IPF+DK 1 S0eL ISG) ~ :
b k1707 s
) 15: FENDI == IF DKITOT GT O THEN 1-DEAReDKITOT ELSE 0
; 12 FEMAIR == IF DEAIR GT 0 THEN 1-DEARDKAIR ELZE O
Z 17 RENIPF == IF DKIPF GT 0 THEM 1-DLEAReDKIPF ELZE 0
! 18: RENIES == IF DKI1Z6 GT O THEMW 1-DERFeINISG ELZE O
13 RENIPF == IF DKIFF GT 0 THEHW 1-DEAFeDKIPF ELSE O
g REKMICM == IF DKICM 5T 0 THEN 1-DRAReDKICM ELSE O
21t FEMIFFP == IF DEIFF GT 0 THEW 1-DEAFeLKIFF ELZE 0
z2z: FENIME == IF DEIME GT 0 THEM 1-DERFeDKIME ELZIE 0 '
oAl FEHICH == IF DKEICH T 0 THEN 1-LEAFeDKICH ELSE 0
=L REMIFM == 1F DKIFM ST 0 THEW 1-DEAReINIFM ELSE O
&5t RENICFE == IF DKICF ST O THEN 1-DEARReDKICF ELZE O :
P RENIEF == IF DEIEP 5T 0 THEN 1-DEAFeDKIEP ELSE O ;
ave PKHZER == IF DKIER 6T 0 THEMN 1-DRAReDKSER ELSE 0 {
cee PENDH == IF DKHEF GT 0 THEN 1-DEAReDKHEF ELSE 0
29z RKNCOM == IF LkCOM BT 0 THEN 1-DEAFeDKCOM ELSE 0
i iH RENDT == IF DKTR 6T 0 THEN 1-DEAFeDETR ELIE O ;
21 PENDC == IF IKCR ST 0 THEN 1-DERReDKCF ELSE 0 t
a2 NTHEC == FP.NMC+P.NMTC+P.NMZ+F, NMG+P, NMIEFP+FP . NMICP+F . NMIPP+

P.NMIME+P . NMICH+F . NMIME+P . WMIFP+P . NMICM+F . NMISG+F, NMIPF+P  NMF
+P . NMO+F . NMIFA+F . NMINC+1 000, P, NAT
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icicH REMN1IPF == 1IF RENIPF(-1> 6T 0 THEN FKNIFF(-13 ELZE 1
ct RENZIPF == IF SUMCl = -2 TO -1 ¢ FRENIPFCI>» GT 0O THEHW <(1-DEAF

(23D IFF =23 e (1 -DERR (=12 oD IPF (-1>» ELSE 1
ciH BEMZIIPF == IF SUM<I = -3 TO -1 ¢ FENIFFC(I>> GT 0 THEW <1-DEAF

(=3 eDKIPFi—233e 1 —-DEAR (=22 ¢DKIFF (=2)> 3¢ (1 =DEAR (=12 oDk IFF (=123

ELSE 1
J62 FENIISG == IF RPEKNIZG (=1 6T 0 THEMN FEMISGd-1) ELZIE 1
37 FEMIICHM == IF RENICM(-1» GT 0 THEMN REMICMc(-13 ELSE 1
e RENZICHM == IF SUMCI = -2 TO -1 * RENICMCID>)> GT 0 THEN <1-DEAF

(=) eDEICM(=2r)e (1-DERR (12 e ICM-1>> ELSE 1
i H FENZICM == IF TUMCI = =2 TO -1 3 RENHICM<I»» GT 0 THEN (1-DERR

A e ICH =22 (1-DEAR (=22 oDk ICM (-2 )¢ (1 -IEAF (=12 6D ICM (=12

ELZE 1
40z FEMAICH == [F ZUMCl = =4 TO -1 ¢ RENICMII»> GT 0 THEHW ()-DEAF

(=g oDk ICM =42 e (1-DEAR (=21 ¢DKICHM =22 )¢ (1 -DEAF (~2) ¢TI ICHM (=22 D

¢ (1-0OBERF (~1"eDkICN =192 ELIE 1
41: FEMHIIFF == IF FEHIFFP /=12 3T O THEHN FENIFFc-1> ELZE 1
E FEMZIFP == IF Ml = -2 TO =1 ¢ RENHIFF(I») 5T 0 THEN ¢1-DEAF

(—2relr IFF(~2r)e (1-DEAF (~12eIFF (-1>> ELSE 1 j
43 FENIIME == IF FRENIMEC-1> GT 0 THEH REMIME-1> ELSE 1
442 FENSIME == IF Myl = =2 TO =1 ¢ FRKNIMECID> GT 0 THEN (1-DERR

(=23 oD IME(~22> ¢ (1~DEAR ‘—=1> eIk IMEC~1>> ELZE 1
45: FEMZICH == [F ZUMC = -2 TO -1 ¢ RKNICHCIY> GT 0 THEN <1-DEAF

(=21 eDK ICH =)0 (1~DBAR (126D ICH(~12> ELZE 1
468 FEHZICH == IF ZUM{I = =2 TO -1 ¢ REKNICHCIMY QT & THEN <1-DEARF

(=ZreDlICH(~=21 )@ (1 -DEAR (=22 ¢DEITH(~Z3 ) ¢ (1 =DEAR (=12 DK ICH(=10)

ELZE 1 j

1

47: RrH1IFM == [F RENIFMc=1) 6T 0 THEM RKNIFMc-1> ELIE 1
45 REMZIFM == IF ZUMCI = =2 TO -1 : RENIFMCIYY GT 0 THEN <(1-DEAR

(=2rolk IFM (=)o (1-DEAR (—1>eDKIFM(~1>> ELSE 1
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Y

432 FENZIFM == IF SUMCI = =23 TD =1 ¢ RKNIFMCI>> ST 0 THEN <1-DEAF
(=31 oK IFMi=~3r 01 =NIEAR (=2) oK IFM =22 30 (1 ~DEAP (=1) ¢DKIFM(=1)"
ELZE 1

So: RENIICP == 1F RENICPC(-1> 6T 0 THEN RENICP(-1> ELSE 1

S1: BENZICP == JF SUMcl = =2 TO -1 ¢ RENICPCID>) GT 0 THEN <(1~-DERF
(=ZreIICF (=)@ 1-DEAR (=1 oDk ICP(~1»> ELSE 1

ToH FENIICP == IF SUM<I = =3 7O -1 : RKNICPCI>» ST 0 THEN (1-DR&F
(=ZreIk ICP (=301 ¢ (1 -NEAR (=23 oK ICP (=2 )¢ (1~-DEAF (~1) ¢ ICF (~1)>
ELSE 1 4

B3cH REMI1IPP == IF RENIPP(-1> BT 0 THEMN RKNIFP(-1> ELSE 1

S4: RENZIPP == IF SIMCI = =2 TO =1 ¢ RENIPPCI))> GT 0 THEN 1-DEAF
(=2reDEIPFP (=cr) e} -DERF (~1) oDk IFPF(=-1>> ELZE 1

b FEHZIPF == IF ZUMCI = =2 TO -1 ¢ PENIPPCIY BT 0 THEN <1-DEAF
(=ZrelIFF (=2 e | ~DEAR (=21 oDk IPF(=Z2s20 (1 ~DEAFR (=12 @D IFF (=12
ELZE 1

Se:s FKNIIEF == IF FENIEP«=1> GT 0O THEN PKNIEFc(-1> ELZE 1

Sve FENSIER == IF ZIMcI = =2 TO -1 ¢ RENIEFPCID 3T 0 THEN <i-DEAF
(—ZreDKIEF (=2 re (1 =-TIEAFR (=12 eDkIEF(=-13)> ELSE 1

bt FKHZIERP == IF SUMCI = =2 TO -1 ¢ FENIEFCI)> GT 0 THEN «1-DER~
(=1 ek IER =2 e 1-TIEAR (~2) oD JEF (=Zrd e (1 -NIEAF (=12 eI IEF (=12
ELZE 1

- H FFNIIEP == IF SUiMCl = -4 TO -1 ¢ PENIEFCIY> 3T 0 THEN (1-DEARF
(=43 oK IEF (~4) ¢ (1 =DEAR (~Z) oLK IEF (=20 ) ¢ (1 -DIEAR (=23 ¢ IEP (=20 >
e 1~-DERFR =13 eIKIEP(-12> ELSE 1

&ns FEMSIERP == IF ZiMcl = =S TO -1 ¢ RENIEF<I»» T G THEN <1-DERF
(=SreDEIEP (=S Y@ 1 =DEAR (~4> ¢ JEP (=4) 2 ¢ (1 -DEAR =23 6DE JEF ¢ =302
o (1-DEAR (=22 oD IEF (=2 e (1 -DERF (-1>eDKIEP¢-1>> ELSE 1

&1 FPENIARIR == IF PENRIRC(=1> GT 0 THEN BKNRIF(-1> ELSE 1

(o FEMERIFP == JF SIM¢] = <2 TD =1 ¢ RKNARIRI>> 6T 0 THEN <1-DERAKR
(=2YOlKRIF(=2) 2 e (1=-DERFR (~1)oDKRAIFC~1>) ELSE 1

[ X PKNZISER == IF SUMCI = =2 7O =1 2 RENIER) 6T O THEN (1-DBFAE¢-2
POIECER (=22 ) e (1 ~DEAR (~2) ¢DESER (=2) )¢ (1 =DRAR (=12 6D SER C=1)D
ELZE 1

T T .
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REKNGZER == IF SUMc] = =4 TO -1 @ RENZERCIYY GT O THENW <1-DEAR
(=4 eI SZER (=422 e (1 -DEAR (=21 ¢IFSER (=3) ) ¢ (1 =NIEAR (—2) ¢TI ZER (=23
¢ (1-NEAF —12eDkIER(~=10)> ELIE 1

REMHSZER == IF UM< = =5 TO =1 ¢ RENZER I ST 0 THEN <1-LEAF
(=50 oDEZER (=S ) e (1 ~DERR (—q4 1 oK SER (=43 ) ¢ (1 -LEAF (~Zr ¢IK ZER (=33 )
¢ 1=-DEARR ~Zr Dk ZER(-2) )@ {1 =-DEAF (=12 e ZER (~133 ELZE 1

BEHIDIH == IF RENDH: =13 &7 0 THEN RENDH-1» ELZE 1

FENHZDH == IF ZUMJ{I = -¢ TO ~1 ¢ REMDMCISY GT O THEN <1-DERF(
=SV ek HEF -2y e (1-DEBAF (-1 eDEHEF (~12>) ELESE 1

FEKMH1COM == IF RENCOMoI-13 GT 0 THEW RENCOMC-13 ELZIE 1

RENMZCIDM == IF SUMCY] = -2 TO -1 ¢ RENCOMCI> GT O THEHW <(1-DEAF
(=22 oD COM =22 e 1-DEAF (~-12eDbCOMc-10>2 ELZE 1

FEHICOM == IF ZUM] = =3 TD =1 ¢ EKRCDOMcId> T 0 THEN <1-DEARF
(=% @DKTDM C= 2 v & (1 ~DEAR (=23 ¢DMTDM (~22 2 ¢ (1 -TEAFR (=12 ¢DELDOM (=130
ELZE 1

PENIDT

[
"

IF REMDT =12 GT 0 THEM PENDT (=13 ELTE 1

FENZDT

== JF ZUM<SI = -2 TO =1 ¢ RENDTCI>» ST 0 THEN <1-DEARC
-2reDETF

2@ | =NIEAR ‘=1 ¢ TR (=122 ELEZE 1

FENILC

IF FENDC =12 ST 0 THEM REMDC (=13 ELZE 1

FENLDI

IF PENDI =12 ST 0 THEN FENDI¢-1> ELZE 1

FEMEDI == IF UMl = =2 TO -1 ¢ FENDICI»» GT 0 THENW (1-DERFC
=cre ITOT (~r 16 1~DERF -1 e ITOTC~13> ELZE 1

FEKMNID]I == IF SUMcC] = =3 TO -1 ¢ RENDICI?Y GT 0 THEN <(1-DEARC
~3 oDk ITOT =210 e ) =DRR (=21 eI ITOT =22 1 ¢ (1 ~DEAR (=12 D 1TAOT (-1
»> ELZE 1

PEHEDIl == IF UMY = =4 TD =1 ¢ RENDICId &7 0 THEN <(1-DEARC
-4 ol ITOT (~4>> @ (1 -DEAR (=2 oI ITOT (=21 ) ¢ (1 =LEAR (-2 e[’ 1 TOT (-2
Yoy -DEAM -1 eDKITOT (=102 ELZE 1

HTOTAL == HNHFAFT9eNFOFAESe1 OO0,
WSIMT == 1/ (2o CANT A/ WN]1 o2 +RNS WNNZeeC+ANZ W20+ 04 ~piideeZ+
HOE - NEeec+RIT  WETOO2+HIS LN+ PN +_] (-l ool +H11 -

ill1eec+R1Z/W120e2+R1I W] Zee2+H14 -1 40e2+A1D W] See2+R1E " W1b o0
+H17/NI7eeZ+RIE A1 SO0
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WMIIM L == 211, 2857 (2e (AZ1 /W21 o2 +REC A WIS e o2 +RS I/ WS oo +AEG ~
MalZd oo 24825 W2 S e Z+HE MUZE SO +HET 7 WNZ T oo Z+AZ S WWZC e @S +AE D/
nllZHeo el +H Wtz tee2+RZ1 /LWl eeZ+ARS AT e +REZ2AWLWS oo 2 +R =G 7
S e el +RIS WIS e +HIE il 2L 02 +HIAT /WHET e+ IS AW S Do @S +/2T ~
M nRee2+Rd D piid Jeel s s

EFUELEE == MUZ9e ( (EFEECO®EPEECO+EFEED] eEFEEDI+EFEEGAEPEEGA? ¢
PRERASL 000 +KAPPAZSENP (PTI29+RHOZ 90T SO+ TALES)

EFUELCM == (EFEED]*EFEEDI+EFEECD®EFEECD+EFEEGA*EFEEGN+EFTEFe
EFEF1oFFESD -1 000

EFLIELFi == (EFRMOISEFRMOI+EFRWCOCERFMCO+EFFWSHOERFFIIGH $PRENS.,
1000

I.ZF&5 == TPGRAPII (=13 2 (PR C(=10  PIIC(~232-1,
D.EDMS == BONS/PIWMHF O CEDNI (=1 AP IMHP O =133 -1,

D.EDTRS == BLSRS-MOME+BLIRD(-1)> ~XOME~1)

DUIFTRS == IFTRI-PIT (=13 - C(IFTRQ(~1W /PITC¢=C0>~1,
D.A95T70 == ¥EATTO-XARTH+ cHAETF I (=1 =%RETHI~11 3
DL WAK == 10, & CWAKFRC E=100 - CSAGTTD =10 ~NAT (~13 )

= CDEATHCESL N THEZHCIATe (], ~OIMS 2 @ (DTSO-CI01 0 v o (il ]
SOLTAT eSO

DLEDHT == 100, ¢EIMZ-FIWHTI- (09426 =0IND

MEJFIL = HPOFPS-HEOFRE
HEOFE = NAT®Z.7

S = HMT+HMO+MHMTC+HHMME +NME+NME +HMD

HMI = HMIEP+NMICF+HNIFF+HMIME+NMICM+HMICH+NMIME+NMIFF+NM ] ER+
HM IS+ I FF+HMING

FoHis EMEG3ek ZER

F.HMO = FHED%eF, HAT
MAZDY = TI0VIeMAT

FOHME = BrCFaer, NAT

MSEOL = THOLSeNAT
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[ O S

101

H
fo

10z

104

1 15

105

10T

102

103

1102

1113

—
—
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(1)

114:

115:

NAFRY = NAT-NATODV-NREOL
HAZE == HAZOV+MAROL

LOSF.HSTY = 170WaY0RGeC2AG oLDG (D, Se X IDAG+F. KIDAGI Y =1 -
WSWOAS-FEYOARG) WGV ORSeLOG CKATRD ~PEYOAG - WGYORGeLOG (MINFUTAGY ~
CIAS. WY ORGeIZAG =L DG (NHEINDDY =C4AG .- CUGVYDRGSCIAGY ¢LOG (HEGRS) -
TOAGS CWMRYOADOCIRG) ¢ JFI9-CEALR . CMEYDRNOCZAG) ¢ JTWI=CTHE (WMRYOAGe
[CT=TeR0R Tt

F.HMICE = RHECPSeK P
F.HMIPF = RHEFPOeKIFF

LOS P .HMIMEY = 1/ CuaYOMEST2MEY ¢LOG (X IDMES = (1 —WGYOME-FPEWDOME: ~
WEYOMEeLOG 1 . SekK IFM ~FRYOME - WGSYOMEeLDE CMINPLITME Y ~C IME .~ CLIGWOME
*TIME Y =L DG CHHR IND

LOS P HMTMEY = 1. ClRYOMESCZMEY ¢LOG X IBMEY = (1 =WEYDME-FGEYDMEY ~
nEWOMEeL OG Ok TMEY =PRYOME-WSYDMESL DS CMINFUTME Y ~C1ME -~ C43Y0OMEe
CEME =L DG CHHBE TN

LGP HMICHY = 1/ CWGYOCHeD Z0Hy oL 05 CHXT0CHY = (1 =WV OoH-FGEYOCHY ~
WAVYOTHeLOR W ICH! —PRYOCHAUMGYOCHeLDS sMINFUTIH) =C1CH- (W5 D0 He
COOHY =LOG cHHRTHDD

F.HMIEP = FPNEEPSQeE IEF

LOGF.HMIFFSY = 1/ (MGYOFFeCZFR)Y oLOG ¢X10FP) - (1 —WEYOFP—PEYOFEY »
WEYOFFeLOG (K IFPY —REVIFP - iGYOFFeLOS (tMIMFUTFRY ~C1FE < (UGYIFFe
CIFFY =L OS5 CNHP TN

LOS P HMIFAY = 1/ CEVYOPASCIFAY eLOB (XIOPA) = (1 =Gy OFA-FEYORAL -
WEYOPHeL DG K IFFY ~FGYOPA-WGYOFAeLDG CMINFUTPRY —C 1A~ CUGYOFHe
CEPAT —LOG CNHF ITNDD

LOGF HMTICHY = 3. QdavOCMelICM L OG (MIDCMY = (1 ~WEYOCM=-FEYOCHM ~
Cre LD (K ICM)Y ~PGYOCMAWGYDCMeLDG CMINPUTCMY —=C 1 CM- CMEYOTMe
CECMY =LDB (HHF T NID

LOSP.HMIFF) = 1/ CZFFelaVORF) «LOG 0, Se (XIOPF+F, XIOFFY) -
Fi3w0FF -WGYOPFeLOG IMINFLUTPF — (1-WEYORF—FSVOFFY <WisWOFFeLDS (K IFF
P=T1PF CDIPF WG ORFY =L DG NHF TNDD

oML ES FENHEZGYeK ]G
FoMHrInG = RNENCSeR , NMICH
LOGCP . MHMCY = 17 CiGYOCNeC2CN eLDS (0, Se (NIOCN+P . XIOCN 2~ (1=

WEWOACH=-FEYOCN) ZWGYOCNeLDS (HCRY =PRYOCNAWNSWOCNOLDE cMINPLUTCNY -
CICH - AYOCNeCICNY —LOG CNHRIND
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T '. 117: LORYF HMTCy = 1 andaVOTCer2TC»eLDR e I0TC) = (1 =3 OTC—FGWDTC Y
: WEYDTCeLDS CKTRY —FEWDTCAWMEWOTCOLDS (MINPUTTCY =C1TC S cuGYOTCOC 5T
s=L0O5 cHHe TR
1182 B HME = RNESYer DM
11%: MEs = FLNMCeNTDTRLA-HTHELD
1508 HMTS = FoHMTCeMTOTAL A -HTHFL

121¢ Mz F.HMZeMTOTHL ~HTHEC

12z M3 = P.NMGeNTOTAL ~HTHEL
1238 HMMIEF = P.HMIEFeNHTOTHL-NTHEC
1z4: HMIZF = P.HMICFeHTOTAL - HTHEC

125 HRIFF = P.HMIPFeNTOTAL /NTHEC

12e: HMIME = P.NMIMESHTOTAL "HTHEC
127 MMIIH = FOHMICHeNMTOTAL “HTHEC

122 HMIME = PoMMIMESNTOTAL - MHTHELD
1092 HAIFF = 2. HMIFFeMTOTHL “HTHEL

120 HMIFF = FP.HMIFFeNTOTAL -HTHEC

121 T = BPOHMITHeMTOTAL "HTHEC
122 MIIIn = PONMIZSeNTOTAL -HTHELD
123 MHE = P, MMFeHTOTAL - -HTHEL
134 MMO = FP.HMOSNTOTAL -MTHEL
135 HMIFAR = F.HMIPASNTOTAL - NTHEL

1340 HMIrC FoHMINCONTOTAL ~NTHED

1373 HAT = P HATeMTOTAL NTHEC-DELHMDS
12z HIET=A.HIET=HIET (=10 = COFe  (NEINDS+NEINDS (13 +NEINDS (=20 <3,

P4CAZONETOHH TS (2 S (NTET (1) =NIET (=& s/ (HEINDS (=12 +HEINDIR (-2
DT 00

139 MTZPA-A.NTEPA-NTZFA Y12 = CI1016 CNETRAFI (=13 +HETRAS (=223 -2, 0+
Ci1NzZe s, @ INTEZPR (=10 ~NTIPR (=) 2 » (NETRAS (=10 +NETRRS =22 2 +C1 03

1402 LOG CARBRTN~A, XAGTHY =CAEcoL OG'NATY —Coa 7oL DG cHLY Y ~Cee 7oL D (¢
AACFT0Y = CEER+0AeTeLOG KAIRY +CAT06L DS (RGPS
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131:

1432

1472

144

1452

14=:

137

fu
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LOS HRASTVO-R. SASTAD ~L OB CAAGTNY = CE8IS+CEIee IFZS+C255e IThia+
CESdenTS

LOS ¢ wACH=A ACHY —CeeE oL OB PNATY —CE5SeLOG (AZGRS) = CESE+CESTe
LOS EATRY +CSETeL0G Y FT 0

3CRORPTI-A, ACRDFPTI=LOG CSACHY = CESS+CESRe IFTQ94CaSCenTS+
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8 4 = (17eF.RAD-1000+9%, 27eP,BRO/1000) 3430961964027~
FT=0.27VeeTT7 010G

F.RI0 == P.GPHIZ+P,GNTC+P.GHEC+P.GSEA

IV = CFE200+CFeOl e XIOME+CFZ02eQOTIN+CF SO eNAT

INVOZ = CZ2N4+CZ2056 (1-RET7IH +C2213e6QSHVI+CIZ0ENETSHeS ¢
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11-32




N T MR st e e WA ke e S e A e — - Y

Yot INVIS == RESIDIS+RDLVF
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